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Foreword

Thesis:
Weed control and fertilizer are two items of major im¬
portance and expense in growing crops.

Since Calcium Cyana-

mid is a fertilizer (containing both lime and nitrogen) and
since it has herbicidal properties, it may, if properly em¬
ployed, be a satisfactory material for combination use in
vegetable culture.

This study is to review various investi¬

gations that have been made into the nature of Cyanamid break¬
down products and their ability to kill weeds; and to seek
out truths that may be of value in understanding the proper
handling of this chemical for weed control; and to assess
Cyanamid for use as an herbicide in various vegetable crops,
insofar as available literature permits.
Charles W. Carr
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Introduction
Probably all plants could be utilized for some
good purpose, but farmers, being practical men, want

only the most profitable plants growing in their fields.
It is likely that even before man began to break up the
soil to prepare a bed for seeds or for transplants,
he was roguing out plants he did not care to allow
among those from which he derived food or pleasure.
Such undesirable plants we term '’weeds", a term applied
even to plants of economic value if they are growing
where they are not wanted.
The more common weeds are quite often used in
orchards to maintain organic matter (93)» and they have
even been suggested for use as catch crops (9)«

A heavy

crop of ragweed or pigweed is an excellent source of
organic matter and of nitrate nitrogen; and they may be
high in other nutrients, as well.

However, their very

value as good foragers is due to the same properties
for which they are removed from fields of vegetable crops
they are very strongly competitive for nutrients, moisture
light, and air.
That weeds compete seriously for nutrients is
apparent from the luxuriant growth they make when left
alone, even on rather poor soils.

An examination of root

systems shows why many weeds are such good foragers.
This is also evident from analyses which show their high
contents of nutrient elements (9)•
And, the lush growth of tops, especially of such
early sprouting weeds as chickweed, is very apparently

2.

a serious deterrent to crop growth by reason of competit¬
ion for daylight.

The reverse, or shading out of weeds

by crops, is a means often utilized in combating weeds
that can be delayed or that are naturally slower to
germinate than some crops.
Both the strong root systems and the heavy
foliage of weeds tend to reduce the moisture available
to the crop, the former by taking up so much of the
moisture in the soil, and the latter by transpiring so
much and also by catching much of the light precipitation
and dew moisture before it reaches the crop plant or
the soil.
And, in addition to intercepting light and moisture,
binding weed types draw crop leaves together so as to
cut down the amount of leaf surface exposed to the sun¬
light, and by raising the angle of the leaves, reduce
their interception of sunlight, dew, and light precipitation.
Then there are likely to be other results from the
presence of weeds among vegetable crop plants, results
which we are not now equipped to evaluate.

These include

effects from plant associations, such as have been exper¬
ienced in crop succession and rotation experiments, some
of which may result from differential absorption of
ions such as to leave an unbalance or a deficiency (24).
And, who can tell how many diseases or insect pests are
harbored by our weeds?

Many insects are known to over¬

winter in weed plants and to feed on them in the spring

3.
until the crops are susceptible to attack*
In addition to reducing crop yields by the above
means, weeds are a costly nuisance in the harvesting
of many crops.

For instance, they increase the need

for defoliants in potatoes, since, in many cases, they
are as much a cause for clogging diggers as are potatoe
tops.

The weeds and potato# tops require the use of

mechanical beaters or of chemical defoliants, such as
cyanamid (5).

In the pea industry, the amount of material

to be vined may be increased from 30 to 50$ by the pres¬
ence of weeds at harvest time (22).
The importance of weeds does not stop at their
competition with crop plants, and weeds must be removed.
Weeding has been done by many means, and tillage by
tools of varied materials and shapes have progressed
until considerable acreages can now be cultivated by a
man and a tractor with suitable attachments.
However, these implements are limited in many
ways.

Among these is a combination of weather and soil

conditions, neither of which can be too wet.

Wet soil

may provide insufficient traction; it may be packed or
puddled by cultivation (86, 87); it cannot be readily
removed from weed roots, allowing re-growth of those
weeds.

Another disadvantage is that an uneconomical

row spacing may be necessitated by the use of the tractor
or of the attachments.

Still another shortcoming is the

time and labor required by such tillage, and by the
close (hand) weeding that is impossible to such equip-

4.
ment* We have not eliminated hand weeding by any mechan¬
ical means, and many small-seeded, close-planted veget¬
ables therefore cost from $50 to $90 an acre to weed
(1).

Another estimate is that the cost for weed control

in market gardening is 30$ of the total growing cost (42).
Certainly, a number of the limitations described
above would be eliminated if weeding could be accomplish¬
ed by sprays or dusts applied from a plane or a helicop¬
ter,

Such weeding has been done successfully in some

instances (22)•

And, while aerial weeding may generally

be a thing of the future, certainly the use of chemicals
for the elimination of early weedings and cultivations
is feasible and is being done rather widely.
Among the chemicals being used, Cyanamid* is prob¬
ably the most versatile, being a nitrogen fertilizer, a
soil neutralizer (for acid soils), a soil fungicide,
bactericide, and insecticide (4,5,32,35, and 58), and an
i

herbicide.
Since the basic patent for Cyanamid was issued
in 1908, many new uses have been and still are being
found for this material.

Among the compilations of

information on Cyanamid, the earliest comprehensive work
was the 1913 monograph of Pranke (71).

While it was and

i

is of considerable value, much has been done and written
^The term "Cyanamid1* will appear throughout whenever the
commercial product or undecomposed crude calcium
cyanamide is meant.

5.
since its publication.

Twenty years later a review of

literature by McCool (52) examined some 152 reports in
an excellent summary with an extensive bibliography.
More recently, Barrett (5) compiled a review covering
especially what has been discovered of the chemistry of
the decomposition of Cyanamid.

He has touched briefly

on its uses as a nitrogenous fertilizer, as a defoliant,
as a control agent for diseases and insects, and as an
herbicide.
Literature on the use of Cyanamid as an herbicide
is widely scattered and requires more time and tedium
than many researchers are willing or able to devote to
its review.

Nowhere in the literature to date is there

a comprehensive compilation of the work done with
Cyanamid for the control of weeds to aid such research¬
ers.

Weeds are a major problem in vegetable crop prod¬

uction (93) and a knowledge of crop and weed reactions
to pre—emergence treatment is of vital importance to
one contemplating their use (100).

M0ne of the major

reasons for doing research using herbicides for weed
control is to produce larger crop yields at less cost.11
(86).

Therefore, this study has as its purpose to review
i

critically various investigations that have been made
of the herbicidal properties of Cyanamid, especially in
the weeding of vegetable crops.
History and manufacture.
In a search for a cheap, abundant source of

.
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cyanide for gold ore extraction, barium cyanide product¬
ion through the combination of barium carbide and
nitrogen was discovered*

Later developments brought

about the substitution of calcium carbide with the
resultant formation of calcium cyanamide.

This could be

fused with alkaline salts or with sodium chloride to
obtain a product useful in the gold extraction process*
It was cheaper, although temperatures of 400°G higher
were required than with barium carbide, the calcium
carbide having to be heated to 1100 or 1200 degrees C.
Less than two years after the basic process patent was
issued to Frank and Caro, the former's son. Dr. Albert
R* Frank, and Herman Frendenberg obtained an agricultural
use patent in 1910 (5)*
The first factories for cyanamide production were
erected in Westergeln, Germany, in 1905 (a failure); in
Piano d'Orta, Italy, in 1906; in Bramberg, Prussia, in
1908; in Grostberg, Bavaria, in 1909; and in Niagara
Falls, Canada, in 1909*

The latter is at present one of

the largest producers of Cyanamid with an annual capacity
of about 240,000 tons (104)*
The commercial production of Cyanamid proceeds
as follows (104):
(A)

Limestone is mechanically fed into rotary kilns

125 feet in length.

These are fired with crushed and

powdered coal which burns in a blast of air so as to
maintain a temperature of 2200 to 2500 degrees F.
(1200 to 1400 degrees C.).

Burned lime is thus formed:

.

7
Ca CO3 -f Heat

->■ CaO +■ CO2

(B) This lime, mixed with coke, is continually
shoveled around the electrodes of huge electric furnaces,
generating heat sufficient to combine them as calcium
carbide;
CaO + 3 C

-► CaC2 +■

CO

The molten carbide is drawn off to cool down
from its 4000°F temperature, taking about a day.
(C) Meanwhile, pure and dry nitrogen is separated by
fractional distillation of liquid air.
(D) The crushed and powdered carbide is placed in
cylindrical fixation ovens where it is heated elect¬
rically to about 2000°F.

Then, the pure, dry nitrogen

is admitted to combine with the white-hot carbide:
Ca C2 +

N2 -*• CaCN2 +

0.

The crude calcium cyanamlde is removed, cooled,
crushed and powdered.

Remaining carbide is decomposed

and lime hydrated by the addition of water.
(E) The crude, dusty product is now prepared for
agricultural use by one of two means.

The pulverized

Cyanamid has 5^ light mineral oil added to reduce
dustiness, and the granular Cyanamid is granulated into
small, spherical pellets without addition of oil.
Table I shows the approximate composition of the two
forms.

Both grades supply the equivalent of 70%

hydrated lime, although that amount does not appear
in the analysis.

It becomes available upon hydrolysis

Table I
Composition of ’Aero' Cyanamid

Nitrogen

AERO Cyanamid

AERO Cyanamid

Pulverized

Granular

22.33

20.69

19.8

29.0

Calcium hydroxide

Ca(OH)2

Calcium carbonate

CaC0j5

2.1

6.4

Calcium sulfide

Ca S

1.21

0.65

Graphitic carbon

C

11.73

11.60

Combined oxides Fe203,
AlgO-^etc.

1.80

1.72

Silica

S102

1.47

1.76

Magnesium oxide

MgO

0.03

0.05

Oil (added to prevent
dustiness)

3.65

9.
The chemistry, toxicity, and persistence of the prod¬
ucts of Cyanamid decomposition in soil.
Historical
Pranke (71) has covered developments to 1913 very
well.

The product prior to 1914 "was not a standardized

or uniform product" (52), and therefore could not have
provided data of any greater uniformity, although it showed
the way for later developments.

This study is to be con¬

fined to investigations since 1914 where possible, and mainly
since 1933 •

The latter data was chosen because much of

the work between 1914 and 1933 has been reviewed briefly in
the work of McCool (52).

The reason for re-examining some

of the papers covered by McCool is to glean from them more
information relative to the particular use of Cyanamid for
the control of weeds, a use treated only very briefly in
the compilation of McCool (52).
With the aid of a chart by Smock (84)f let us examine
each of the breakdown products and findings relative to
properties useful in weed control with Cyanamid.

10
Calcium cyanamide:
Calcium cyanamide is a colorless or white crystalline
solid which sublimes at about 1090°c at atmospheric press¬
ure.

It is insoluble in alcohol, but easily soluble in

water (about 2.5 grams per 100 cc at 25°c).

It rapidly

hydrolyzes in solution to form calcium acid cyanamide and
calcium hydroxide, having a basic reaction.
is probably CaN - C
2 CaCN2

+

N.

Its structure

Its hydrolysis is:

2H20—►Ca(HCN2)2 + Ca(0H)2

Calcium acid cyanamide:
Calcium acid cyanamide is the first of the toxic
products available and usable for killing weeds (33),
although Pranke (71) states that it "has but ephemeral
existence in the soil11, since the calcium so quickly moves
to colloidal surfaces.

It is probably this material that

Crowther and Richardson (19) referred to as being imbibed
by seeds within the soil, since it is hardly possible to
dissolve calcium cyanamide without hydrolysis.

They (19)

state that "Presumably cyanamide so absorbed decomposes
less quickly than that remaining outside in contact with
soil colloids, and the toxic action may therefore be
exerted for longer periods and act continuously until either
the seed dies or the concentration is reduced below the
toxic limit by further imbibition of water with a cyanamide
content which is rapidly falling."
The small seeds, especially those with less food

11
reserves, would generally succumb more quickly to the same
relative amounts of this toxic material.

Other factors

will also be shown to play a part.

Hydrogen or free cyanamide:
Hydrogen or free cyanamide is readily formed by the
hydrolysis of calcium acid cyanamide, and is the second
toxio material formed in the decomposition series.

It is

probably the most toxio of the breakdown products (85)«
Some workers attribute the toxicity to the CNg
(10, 28, 97).

ion alone

In either case, there seems to be a reason¬

able explanation for the toxicity.

In the first place,

the cyanamide must have been dissolved to be taken up,
making it reasonable to assume that calcium acid cyanamide
is the first material that could be imbibed.

After being

taken up, the acid cyanamide is in a moderately acid
environment because cell sap is generally acidic (55).
Hydrolysis to the free cyanamide stage is then accomplished
at the expense of the plant, being withdrawn by an osmotic
gradient favoring the acid cyanamide.

The free cyanamide

thus formed is in the presence of colloids in the cell sap,
a favorable environment for further hydrolysis at the ex¬
pense of the plant.

Cyanamid injury resembles frost injury

and has been noted in connection with the use of this
material in defoliation (5).

In frost injury, as in the

action of Cyanamid postulated by the writer above, the
damage is mainly due to the withdrawal of water from the

12.
cell (55).

It Is believed by the writer, alsQ, that plants

resistant to frost injury are likely to be resistant to
Cyanamid injury.

In both cases the resistance should be

the result of having the water tightly held by hydrophylic
colloids of the protoplasm.

All plants probably do not

take up Cyanamid or its products in equal amounts, and
therefore apparent resistance to injury is not likely to
be found to correlate directly with that of frost resistance.
The relative uptake by various plants will be discussed
later.
\

Urea and other decomposition products:
The further hydrolysis of free cyanamide yields
urea, a relatively non-toxic product (85).

At this stage

it is probable that the treatment can no longer be counted
on

to further reduce the weed population, since this and

most subsequent materials formed are fertilizer materials,
stimulating weeds and crop alike.

While most of the urea

formed must be further decomposed to be utilized by plants.
Miller (55) has stated that Pirschle (1929) and Yamaguchi
(1930) believed that plants can utilize urea directly.
Of course, Brigham (1917) found that there was better
growth stimulation after urea had been acted upon by
Bacillus subtills.

Miller(55) concludes that this is the

case with urea, as well as with most introgenous materials.
Pranke (71) has stated that while plants probably can
assimilate urea and the ammonium salts directly, these
stages are passed through too quickly for much uptake.

.
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Nitrogen, therefore, is most likely taken up as nitrates.
However, it has been noted that the early stages of decomp¬

osition are very rapid, whereas from ammonia on the reaction
and decomposition is very slow (19).

Even so it is not

likely that much urea or ammorfa. is directly assinHated.
It is also possible for nitrites to be taken up, and these
are known to be toxic to a degree (86).

But, it is unlikely

that any of these materials, from urea on, can be counted
on to give any appreciable control of weeds.

Their great¬

est toxicity would likely occur under strong reducing
conditions resulting from almost complete lack of aeration.
This is a rather unlikely environment in soils best suited
for vegetable culture.
As shown in the diagram from Smock (84), when condit¬
ions are alkaline, hydrogen cyanamide may tend to poly¬
merize to dicyandiamide♦

While this product has some

toxicity, it is much more stable and persistent in soils
than other decomposition products (56).

Thus, it is more

likely to cause crop injury, but less likely to give satis¬
factory weed control.

While grossly uneven distribution

of Cyanamide may cause some formation of dicyandiamide,

it

is hardly likely to form in appreciable amounts in New
England soils,

since they are almost all acid to some

extent.
The best summary of what happens to Cyanamid in soil
comes from the 1913 work of Pranke (71).

He says that (A)

calcium cyanamide in contact with soil decomposes in 3

14
stages (a) hydrolytic separation of calcium from cyanamide
induced by selective adsorption,
entirely to urea,
salts.

(b) hydrolysis of cyanamide

(c) transformation of urea to ammonium

And (B) Cyanamid disappears from soil solution by

2 processes:

(a) adsorption and concentration of cyanamide

molecules in the limiting stratum between the soil solution
and soil particles,

(b) removal of cyanamide molecules

from the limiting stratum by hydrolysis to urea under
conditions of high surface pressure and concentration.

15.
Uses of the toxic products of Cyanamid decompodtion.
In disease and Insect control:
There seems to be little use of Cyanamid in foliar
treatments for insect control, due no doubt to the injurious
results to be expected from the Cyanamid.

However, it has

been reported for use in control of the potato beetle,
Leotlnotarsa (Doryphora) decemllneata.

Barrett (5)

reports Lecrecq as stating that a mixture of 20% of pulver¬
ized Cyanamid and 80^ calcium phosphate used at 27 pounds
per acre dusted on both sides of the leaves of 8 inch
plants destroyed eggs and larval instantly and killed
beetles within a few minutes, with no injury to the plants.
In other cases, the Cyanamid is applied to the soil
in heavy applications, ranging from 500 to 3000 pounds per
acre for the control of various soil-borne organisms (104).
Nematodes,

for instance, are reportedly controlled suffic¬

iently to permit planting by applications of 500 to 1000
pounds per acre (5»52).

At the heavier rate, the first

half of the material is applied before plowing, the remainder
after (52, 104).
Walker and Larson (97) report reductions of clubroot
infection from around 60% infected in the checks to only
14^ where 400 pounds of Cyanamid was applied and to only

6% where 825 pounds per acre was used.

At the same time,

the 400 pounds increased the soil pH by .7 and the 825
pounds by .9 in the range of 6.0 to 7.0.
however, did reduce yield somewhat.

The latter,

Haenseler and Moyer

16
(32) also studied the effect of Cyanamid on clubroot and
concluded that, in combination with lime, Cyanamid gave
good control and increased yields at the 400 pound rate.
The manufacturer now recommends (104)

the broadcasting of

750 pounds a month or more before planting, and where the
infestation is severe the additional use of 1000 pounds of
lime before plowing.

Much of the control apparently results

from the increase in pH, but Cyanamid does give better
control with lime than either alone.
Haenseler and Moyer (32) also report good control of
damping off with such small amounts as from 5 to 50 pounds
per acre on the row Just before planting.

They do state,

however, that the margin of safety between control and seed
injury is very narrow.

They did not get control of

Actinomyces scabies, as might be expected from the fact
that higher soil pH values favor the potato scab organism
(33A).
Huber and Baur (31) in a study of Cyanamid use for
the control of Sclerotlnla fructlcola, the stone fruit
brown rot organism, obtained almost complete control with
220 pounds per acre.

They noted that the period of toxicity

was increased when decomposition of the Cyanamid was slowed
by lower temperatures, and higher soil moisture and surface
concentration.
In contrast, Allison (4)

stated that Cyanamid stim¬

ulated soil bacteria to increase, except in extremely large
applications.

Later findings of Mukerji (58)

support this

.
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contention with regard to smaller amounts.

McCool (52)

expressed the opinion that the effect is somewhat analagous
to that produced by steam and other partial - sterilizing
agents, reduction of micro-organisms being followed by a
large increase in total numbers, especially noticeable with
large applications.

The amounts normally used for weed

control would likely have little effect, except as noted
above•
In addition to other recommendations noted above,
the manufacturer states (104)
pink rot of celery,

that control of sclerotiniose

of watery brown rot, of white or cottony

mold of beams, tomatoes, potatoes, lettuce, and other
vegetables, may be obtained by chopping the previous crop
well into the soil with a disc, broadcasting 1000 pounds of
Cyanamid per acre uniformly, and harrowing 3 to 4 inches
deep to mix it thoroughly.

It should then be kept fairly

moist for 30 days before planting.
In defoliation:
The use of Cyanamid in defoliation is more nearly
like its use for chemical weed control than any other.
Applied when the leaves of broadleaved plants were wet with
dew,

"Cyanamid quickly dissolved and interfered with the

respiration of leaf cells, causing cell deterioration"(5)•
The effect is similar to that of a light frost, and causes
the formation of abscission cells and the defoliation of
the plant.

Apparently there is no translocation of

cyanamide as such, since only the leaves are affected, there

.
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being an optimum dosage causing maximum defoliation in
t

various plants.

The dosage must not be too much, or there

is kill of leaves without abscission, while too little
fails to remove leaves (5)•
This property is utilized in the defoliation of cotton
to make machine and hand picking easier and cleaner.

In

tomatoes grown for canning, it is used to defoliate the
plants and speed up ripening before frost.

In this case

dusting is done when sunlight is on the wane.

The rate ..of

application lies between 25 and 30 pounds per acre of the
defoliant dust.

In soy beans, and other beans for storage,

75 to 100 pounds per acre defoliates and reduces moisture
to the 13 to 1A% that is safe for storage.

The harvest

date is advanced and combine picking is made easier.

In

potatoes the same rate, 75 to 100 pounds per acre, is applied
10 days before digging when the plants are wet with dew or
rain, and when clear weather is predicted to follow.
Several advantages are claimed for this practice (5):

It

reduces clogging of diggers by tops and weeds; It hastens
tuber maturity and toughness of skins; It reduces infection
of tubera by virus and aphids, as well as late blight
and storage rot.
In weed control:
As early as 1913, Pranke (71) wrote of the use of
Cyanamid in weed destruction as follows:
MIn Germany,
lime-nitrogen is used to a considerable extent for the
destruction of obnoxious weeds, such as wild mustard,
occurring in grain crops, particularly oats.
The
fine dry lime-nitrogen is scattered either by hand or
by machine early in the morning when the leaves are

.
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wet with dew, or after a rain, at the rate of 60 to 90
pounds per acre.
The lime-nitrogen readily clings to
the rough, hairy, almost horizontal leaves of the wild
mustard, and forms a concentrated solution in the
moisture on the leaves.
This tends to dilute itself
by osmosis and brings about the destruction of the
mustard within a few days.
The application is made
when the mustard plant is young, best when it has
only four or six leaves.
The more leaves it has the
more lime-nitrogen will be required.
The grain crop
may be affected a little immediately after the appli¬
cation, and may turn somewhat brown at the tips of the
leaves, but it will quickly recover and become much
greener than the grain in the untreated fields."
This is carefully quoted for several reasons:
Herein we have the basis for all post-emergence treatments
of today,

the principles remaining unchanged and apparently

unchallenged.

It is recognized that both escapance and

selectivity are present,
vertical,

since Pranke states that the almost

comparatively smooth leaves of the oats permit

very little Cyanamid to cling to them, and that the Cyanamid
acts like soil applications of fertilizers to the unharmed
crop.
Tnihile Cyanamid has been used and experimented with in
other crops,

since the report of Pranke, this report will

deal mainly with those crops popularly considered to be
vegetables.

It might be well, however, to mention some of

the uses in other crops before entering into the more
complete coverage of weeding of vegetable crops.
Earrett (6) has discussed the use of Cyanamid in the
renovation of pasture land.

He found that all but the

•masses were killed by rates below 1500 pounds, and that
2500 pounds per acre killed even the grasses.

In new

scedings of grasses and legumes, Vengris, Colby, and Drake

.
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(95)

found that percentages of cultural plants and of weeds

were reversed in favor of cultural plants by applications
of Cyanamid rather consistently in spring seedings, and
that fall seedings of grass-legume mixtures treated with
,

i

400 to 800 pounds per acre of Cyanamid contained from 75
to 80 percent cultural plants, as opposed to only 44
percent in untreated areas.

McCool (52) mentions this

use, and states that in 1929 in Germany 52,000 tons of
Cyanamid were used to eradicate annual weeds.

Much of

this was used, and is still used, to control broadleaved
weeds among small grains (5,

52).

Amounts applied range

from 75 to 200 pounds per acre.
For weed control in lawn grasses, Cyanamid is applied
at 4.5 pounds per 100 square feet as follows:
is spaded or plowed and the surface leveled.

The old sod
Cyanamid is

broadcast evenly at 2.25 pounds per 100 square feet and
cultivated shallowly in, then watered heavily.

After ten

to fourteen days the treatment is repeated, including
the heavy watering,

and seeding may be done two weeks

thereafter (104).
In the preparation of composts for use on lawns and
greens, Cyanamid may be added at 13 pounds per cubic yard
of decomposed organic matter,

sand, and loam for the control

of weeds through the killing of weed seeds therein.
materials are piled,

As the

they should be spread in thin layers,

with Cyanamid spread over each layer at about 5 pounds
for 8 square feet on a 2 inch thick layer.

As each layer

is spread, it should be stirred together with a fork or

.
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rake, with moisture added to raise the content to 20% (104)•
A similar treatment should he useful in the preparation
of composts for raising transplants of the various vegetable
crops so handled.

In addition to reducing weed growth

among the seedlings, the Cyanamid should reduce damping
off (32), and might even eliminate the need for sterilizing
such soils.

The writer noted such an effect in a greenhouse

experiment with spinach (14).

This could apply to soils

for use in flats, in cold-frame planting beds, and in open
field beds.

Since no experiments along these lines have

been reported the author suggests for trial:

Apply one-

tenth pound per ten square feet of 2-inch thick layer of
compost or soil, mixing thoroughly, no later than ten days
before planting in the soil.

Moisten the soil, but do not

saturate it, and maintain the moisture at such a level
that a pressed handful nearly holds its shape when released.
This rate of application is about equal to 400 pounds per
acre applied in the field.

Types of weed control treatments with Cyanamid.
There are three types of weed control treatments
possible with Cyanamid:
and pre-planting.

post-emergence, pre-emergence,

Procedures for these treatments are

based on two means of avoidance of crop injury.

These

are selectivity and excapance.
Crop jiants not harmed by contact with an herbicide
are said to be selectively weeded by it.

The extreme of

.
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selectivity is the lack of response by certain plants
to materials taken up in amounts that are lethal to most
• 4*

other plants.

/

This is physiological Cr functional selectivity.

At the other extreme of avoidance, complete escapance
would result from the physical absence of the crop plant for
as long as the herbicide is present in toxic amount or
form.
Between these extremes is a gradation of means of
avoidance which may be difficult of classification.

They

should, however, be recognized and presented in explanation
of the action of herbicides.

Much unnecessary experiment¬

ation might be saved by analysis of fundamental mechanisms.
The vegetable crop that most nearly approaches the
extreme of selectivity in weeding with Cyanamid is asparagus.
And yet, as will be shown, this crop has certain escapance
means as well.
Corn, like all grasses, as noted by Barrett (6),
also to be selectively weeded, but is it?

seems

Ib the case of

corn, and all monocots, there is a mechanism that borders
on e&capance,

since the plant is protected by exclusion

of the material, rather than by tolerance of or resistance
to it.
It has been shown (24,

82)

that the monocots generally

have a lower cation-exchange capacity, and therefore do
not so strongly attract di-valent cations, such as Ca+"**
Li

and Mg^

*

.

And,

since the cation:

anion ratio within .

the plant leaf is a constant (82), it seems possible that

.
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.1

the attraction for anions may follow a like pattern.
so,

If

then corn may he said to escape through selective

absorption of the toxic anion, CNg^* which may not be
taken up in lethal amount.
Another example of an exclusion mechanism is the
waxy coating on peas which makes it possible for them to
be weeded post-emergence with Cyanamid dust.

In this

case, the plants must be wet with dew or rain, with no more
rain expected shortly,

for best results.

Under such condit¬

ions, the non-gl<XbrOus weeds are more thoroughly wetted
than are the peas and the dissolution of Cyanamid in the
water layer brings the toxic materials into intimate and
deadly contact with the leaf cells of the weeds.

While

the non-wetted pea vines and leaves escape lethal dosages.
If the plants are not wet, then the weeds, too, escape
injury to a great extent.
An example of a mechanism that is more distinctly
r

escapance is in the growth habit of grains, making possible
their widespread weeding with Nitrolim, the European equiv¬
alent of Cyanamid.

In many European grain fields the

broadleaved weeds are killed by applications of Nitrolim
while the uprightness of growth causes the grains to escape
retention of lethal amounts of the herbicide (75)•

Such

a means of escapance may be used even with such broad
leaved plants as corn, provided the granular Cyanamid is
used.

For instance, on some corn of one farmer cooperating

in Cyanamid experimentation, Cyanamid was applied by the
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writer on plants 2 to 4 inches high at the rate of 400
pounds per acre with no visible injury to the corn.

This

resulted in an excellent control of weeds, which at that
time of treatment had ranged up to 4 inches high.
report by Liden (50), there is

In a

recorded a treatment where

400 pounds of Cyanamid was applied to corn 18 inches tall
with no apparent injury.
In both the grains and the corn,

selectivity, or

resistance to Cyanamid toxicity is probably present to a
degree, but onions probably have little or no resistance
to Cyanamid toxicity (34), and yet even they escape serious
injury from amounts sufficient for commercial control.
This is because they have a protective waxy bloom, a
relatively upright habit at treatment time, and because
set onions have stored food and a physiological age greater
than that of seedling weeds, enabling them to tolerate
greater amounts than otherwise.
On the other hand, we find in asparagus weed control
the use of such inherent escapance mechanisms as uprightness
of stalk growth in the cutting season, and a tough,
glabrous plant in the fern stage.

There is also the prot¬

ection to the roots of a deep habit of growth.
possibly these are unnecessary,

An yet,

since asparagus seems to

have a fairly high resistance to Cyanamid toxicity.
When a crop plant does not have escapance mechanisms,
we must depend on a number of soil properties and of
Cyanamid properties for safety in herbicidal treatments.
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The overall action of the soil is a buffer action.
Organic soils and highly colloidal clays may adsorb
Cyanamid so closely as to bring about rapid conversion to
less toxic materials.

They may be high in breakdown

organisms which speed the conversion to more available forms,
ammonia and the nitrates.

In acid soils Cyanamid is

broken down quickly due to the rapid removal of calcium in
neutralization.

These properties are made use of through

depth protection in crops like corn and asparagus (100)•
They are also properties that tend to make both crop and
weeds safer from the toxic products of Cyanamid breakdown,
which explains the manufacturer's recommendation that
heavier applications be made for weed control in heavier
soils (104).
In some cases weeds may enjoy escapance through the
i

agency of untimely heavy rains soon after application of
%

herbicidal amounts of Cyanamid.

In such cases the Cyanamid

is rapidly hydrolyzed to forms that are less toxic and more
easily leached below the level of germinating seeds, when
applied to the soil, or is washed from the plants when
applied post-emergence.
Post-emergence treatment with Cyanamid is the most
exclusive of the three types of treatment,

since it requires

a high degree of selectivity or an inherent means of avoid¬
ing the intake of harmful amounts of Cyanamid.

In such

treatments the dust or pulverized Cyanamid is generally •
used because it tends to cling better to foliage, especially

.

26
when the plants are wet with dew (96)•
essential that the weeds be small,
inch tall

(1).

For success it is

preferably less than an

One important limitation to this type of

treatment is that wheel damage is a danger in peas and
onions,

except where application is made by airplane,

a

practice impractical for any but the large grower (96).
Carew (13)

recommends post-emergence Cyanamid applications

for no crops other than asparagus and peas.

Lachman (46)

suggests that in these crops Cyanamid has promise.
The greatest use for Cyanamid in weed control is in
pre-emergence and in pre-planting treatments.

Such treatments

cannot and should not be expected to last throughout the
growth of the crop,

although the writer has had commercial

control on radishes right up to harvest,
being a very quick-maturing crop.

they,

of course,

The purpose of pre¬

emergence and pre-planting treatments should be to reduce
or eliminate hand weeding and close cultivation early in
the growth of the crop,

and to permit a delay in culti¬

vation until such time as it can be done more rapidly
without danger of burying or uprooting the seedlings.

For

success in this technique, most of the weeds capable of ger¬
minating within the several weeks after the treatment must
have germinated before the Cyanamid toxicity has disappeared.
In pre-emergence treatment,

the Cyanamid is applied

between the time of planting and the time of emergence of
the crop.

Thus,

there can be sufficient- delay after fitting

of the soil for weeds to germinate and be more susceptible

.

27
to the herbicide, although Crowther and Richardson (19)
state that "Undecomposed cyanamide can penetrate the seed
coat and kill the seed even before the embryo emerges."
has been noted (33)

It

that "Dormant weed seeds are relatively

resistant to Cyanamid breakdown products."

Pre-emergence

applications are generally employed with crops that are
somewhat resistant to Cyanamid injury, that are slow to
/

germinate, or that are planted rather deeply as vegetable
seeding goes.

Such crops are more generally of the large-

seeded sorts, including lima and snap beans, peas,

sweet

corn, cucumbers, muskmelons, and potatoes (2).
In the case of more susceptible crops, or shallowplanted crops, which are generally the small-seeded ones
(33), a

variation of pre-emergence is used in order for

the toxic action of the herbicide to be dissipated before
the crop seeds or seedlings are present.

It is called

"pre-planting" treatment, and in this technique the seedbed
is prepared prior to application of the Cyanamid, but
usually with a delay between fitting and treating to allow
weeds to germinate and to reach the stage where the greatest
number are the most susceptible to the chemical and its
toxic breakdown products.
be hastened by irrigation.

Weed seed germination may also
Then,

for best results,

the soil

should be disturbed as little as possible during planting
in order not to bring unharmed seeds into the upper soil
where they can germinate (89)•

It is even possible, however,

that the disturbing of the soil in a delayed seeding

.
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operation may have the effect of eliminating some weeds (63).
Sometimes these small-seeded or more susceptible crops can
be planted deeper than usual and treatment can be delayed
until after planting, but then better fungicidal treatments
and increased seeding rates become necessary to insure
good stands (46).

In the case of susceptible crops, or

those that suffer poor germination as a result of Cyanamid
treatments, an increased seeding rate is probably advisable
even in pre-planting treatments (63). '
It must be noted that pre-emergence and pre-planting
treatments are limited by a number of factors.

In both

there is a relatively short time when application can be
made with satisfactory results ie., good weed kill and no
crop damage.

Seedbed planning and preparation must be

done carefully and with consideration of crop germination
time relative to prevailing temperatures and other weather
conditions.

And, rainfall is not exactly predictable.

Dry weather allows most crops to start first, whereas wet
weather, especially when cool, favors weeds.
factors to be mentioned,

These, and

support Lachman’s statement (46)

that "It is fairly obvious that pre-emergence weed control
is not a thing for the careless operator."

Perhaps this

great need for care is a major point in the reluctance of
farmers to try these treatments, but mainly they are wary
in these humid areas of delaying planting after having
fitted their soils.
r

Hereafter in this paper the use of the term' "pre-

.
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emergence" can be assumed to Include pre-planting, unless
It Is otherwise noted.

In every Instance the emergence

referred to is that of the crop, and not of the weeds.
The pre-emergence technique of treatment with Cyanamid
for weed control requires a consideration, both separately
and with relation to each other, of at least ten factors.
These are in addition to the properties of Cyanamid and its
breakdown products, already discussed.

Also there are the

characteristics of the individual crop plants, to be dis4

These factors include:

cussed later.

.

1

Soil type

2.

Soil catalysts

.
.
.
.
.
.

3

Soil reaction

4

Soil moisture

5

Soil temperature

6.

Soil organisms

7

Soil aeration

8

Fertilizer practices

9

Cultural methods

.

10

Plant species

Each of these factors is to be studied in turn.

<

.
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Soil type:

“The soil type is important in determining whether or
not a particular pre-emergence treatment can be used safely
on a given crop”(100).

Some of the effects of soil type

were investigated by researchers whose work was compiled
by Pranke (71),

so the importances of soil differences on

the decomposition of Cyanamid has long been appreciated.
In the review by Barrett (5), Birdsall is said to have
found that such soil types as Fox sandy loam, Nacagdoches
sandy loam, Thomas sandy loam, and Parnell silt loam were
all active in the rapid breakdown of Cyanamid.
loams cannot be said to be all so active,

Andyet the

since Birdsall

also noted that Hillsdale sandy loam and Wisner loam,
along with Berrion light sand were of low activity, and
Napanee silt loam and Miami clay loam were inactive in
Cyanamid removal.
G-ould and Aldrich (29)

found sandy loam better than

loamy sands; while Odland (66) recommends the use of lighter
rates of Cyanamid for weed control on lighter soils, since
lighter soils seem to allow amounts harmful to the crop
to remain longer.

Some work of Barrett (6)

supports this;

he found that at the moisture equivalent and 25°C, Cyanamid
disappeared from all soils very rapidly, and most rapidly
from heavier textured soils.

However, to Baylor and Gould

(8), texture did not appear important in response to weed
control; while Gould, when previously working with Briggs
and Wolf (25),

seemed to agree that the higher percentage

.
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control on lighter soils may be due to greater rapidity of
weed seed germination.

There does seem to be much support

for the findings of Cowie (18), who noted that decomposition
was more rapid in clay soils, and of Crowther and Richardson
(19) who found a heavy Rothamsted loam to be about twice as
active as an acid Millstone grit.

They also found a

calcareous fen soil to be nearly three times as active as
the Rothamsted loam.
In this we find a clue that soil constituents, in
addition to soil particle size, may be of great importance
in the rate and course of the decomposition of Cyanamid.
This is not to belittle particle size, for it is certainly
important; important enough, in fact,

that greater care

should be taken in defining it with relation to percentages
of each of the accepted size ranges, besides possibly a
statement of its origin.

Of great importance here is the

proportion of particles of colloidal size,

since soil

colloids are essential in the base exchange capacities and
in the percentages of the various adsorbed cations in the
soil.

It is not entirely understood whether the colloids

are more or less important than are the adsorbed cations
in the disappearance of the decomposition products of
Cyanamid from the soil solution.
(28)

In regard to this, Fink

opines that "Exchange property of materials plays no

part in the removal of Cyanamide from solution, except
that it may function in buffering the reaction in the
vicinity of a cyanamide particle .

.

."( ).
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On the other hand, Osvald (67)

states that highly

colloidal soils have stronger conversion ability than
soils poor in such matter, the colloidal soils making even
large applications of Cyanamid safe for oats and spring
wheat in four days, while at least 5 or 6 days are required
for similar conversion in sandy soils.
That colloidal particle size may be less important
than the physico-chemical properties of the colloids and of
adsorbed ions i3 evident from Nylund’s findings.

He obtained

less than 75$ weed control on well-drained muck soils and
other herbicides,

such as 2, 4-D, are made less dangerous

to crops by muck soils (100)•

Soil catalysts:
Pranke (71)

tells us that treating the soil with H Cl,

with H Cl and NagCO^, and heating in a combustion furnace
until CO2 no longer escaped, all caused reduction in the
ability of soil to convert Cyanamid to other forms.
concluded ’’that it is not the gross,

He

solid, mineral particles

of the soil that have this power, but certain constituents
of the soil mass that are destroyed by heat”(71).
A number of other Investigators (5>

19* 28,

83, and 92)

seem to concur in this opinion, and tend to include some
of Pranke’s suggested catalysts among their own.

Pranke

listed zeolites and carbon along with the three Kappen had
reported in their order of activity:manganese hydroxide,
iron and manganese hydroxide, and iron iron hydroxide.
Fink (28) ha8 added iron oxide to the list, along with the

.
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charcoal he tested in his own work*

He found that activated

charcoal In equal amount with Cyanamid completely conteracted the toxicity to germination, while 6 parts to 10 of
Cyanamid counteracted 80$, and 4 parts to 10 counteracted
50$ of Cyanamid toxicity*
Smith, Heinze, and Murneek (85) name two zeolites
(prehnite and apophylite), and list manganese,

iron, and

aluminum compounds, as well as clays and organic colloids
as being normal soil constituents capable of catalyzing the
decomposition of Cyanamid.

Barrett (5) mentions a number

of these along with bentonite, filter paper,
humic acid,

silica gel,

sugars, hydroquinone, quinone, quinhydrone,

and even soil reaction or hydrogen ion concentration.

Of

course not all of these are normal soil constituents*
However, the last mentioned certainly is, and Temme (92)
treats it as being of considerable importance.
He states that, with organic and inorganic colloidal
matter cooperating,

the H* ions catalyze the hydrolysis of

Cyanamid into urea at a rate depending on the amount of
colloidal matter in the soil and on the ratio of H'*'
Ca4*'1'

ions adsorbed on that colloidal matter.

and

Temme

believes that when the surface is more completely taken up
by H*

ions the conversion is quicker than when Ca"^

ions

9

predominate, but that at high colloidal levels the ratio
of E*

to Ca^

is less distinct than at low levels (92) •
-

Soil reaction:
Catalytic action of colloids and adsorbed ions cannot
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rightly be separated from soil reaction, but the latter,
as the sum-total result of all reactions, is more simply
found and more commonly used, and so will hare be treated
as if it were separable.
The findings of Temme (92) are, in effect,

supported

by Fink (28), who noted a more rapid removal of Gyanamid
from the soil solution at lower pH values.

He does, however,

state that soil reaction seems to play only a minor part
in such removal, a part secondary to that of organic matter
content and other factors.

Barrett (5) notes the finding

of Birdsall, in which the ability of Fox sandy loam to
remove Cyanamid from solution was reduced by the lowered
acidity following the application of lime.
affirms the statement of Temme (92)
adsorption of Ca+^

This further

that a larger amount of

ions with relation to H*”ions decreases

the capacity to take on more Ca"*-*

ions from the Cyanamid.

Perhaps the influence of Cyanamid on soil reaction
is of greater practical value than the reverse.

Walker and

Larson (97) noted increases in soil pH of .7 with 400
pounds and of .9 with 825 pounds per acre of Cyanamid,
along with reductions in clubroot infection in the field.
Haenseler and Moyer (32) reported that the effect of
Cyanamid on soil microflora seemed to be more closely
correlated with soil reaction than with the quantity of
material used.
In his work in tobacco seedbeds, Volk (89A) has
shown that after 3 years of treatment with calcium Cyanamid
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the soil pH leveled off somewhat above 7.0*

This is very

unlikely to occur in such humid areas as New England, where
soils tend to return to their native acidity.
Merz, and Brown (78)

Schreiner,

state, in this regard, that "Owing to

its high neutralizing power, it is decidedly suitable for
soils having an acid reaction."
Richardson (19)

Furthermore, Crowther and

state that small frequent dressings of lime,

as in Cyanamid treatments, are used much more efficiently
than heavier occasional dressings are.

This is because

"the lime content of the soil is never increased sufficiently
to allow rapid losses" (19).

"While it is not suggested that

Cyanamid should be used to raise the soil pH, it is the
opinion of the writer that favorable pH values might be
maintained by the use of Cyanamid in weed control, without
the use of lime after the desired pH has been attained.

Soil moisture:
Soil moisture is important in its effect on weedseed germination and as an insurance of suitable physical
condition of the soil at planting time (89), but where
Cyanamid is used it is also of great importance in the
decomposition and the persistence of toxic breakdown
products.

Since it is so greatly dependent on rainfall,

excepting where irrigation is used,

soil moisture has not

been noted independently of precipitation except by a very
few workers (5> 19).
In a study by Birdsall, as reviewed by Barrett (5)>
it was found that in a Fox sandy loam the Cyanamid nitrogen

.
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concentration was definitely less at the lower moisture

levels after 12 hours, but it persisted 24 hours longer than
at the higher level.

The urea concentration was higher

and remained in solution longer at lower levels of moisture
than at higher.

The nitrate concentration was almost

identical until the higher level went ahead after 5 weeks.
In a prior experiment, Crowther and Richardson (19) used
a higher range of moistures -- 5, 11, 14.5* 19* and

25% - (Birdsall1s ranged from 5 to 10%) in applying a
ton of Cyanamid per acre of'Rothamsted heavy loam soil.
They found that the Cyanamid disappeared more rapidly in
drier soils, but that removal was very slow at 5% moisture.
Several investigators (25, 39,

59, and 83) have

mentioned or measured rainfall alone in their investigations,
and have drawn conclusions without having measured soil
moisture.

In an experiment by this writer, using toxicity

to spinach seeds as an indicator, the length of time of
toxicity of 400 pounds of Cyanamid per acre was measured
for a number of levels of watering.

At rates above the

equivalent of one-half inch of rain per week, there was
no significant difference in the time of disappearance,
the minimum time for safe planting being 3 days in the very
fine sandy soil used.

The greenhouse temperatures during

this experiment averaged 71°F.
This was rather more rapid than in the work of Smith,
Heinze, and Murneek (83).

They studied the effect of

rainfall and soil moisture on the decomposition of granular
Cyanamid, and found that Cyanamid nitrogen was absorbed

.
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almost as rapidly as from ammonium sulfate or sodium nitrate.
When rain fell soon after the Cyanamid was applied to the
soil,
days.

significant amounts were not discernable after 6
When dry weather followed the treatment, however,

the particles became coated with oarbon and Ca CO3 and
remained visible on the surface for months Cyanamid nitrogen
remained in significant amounts after 28 days.
(5)

Barrett

examined some similar granules and found them to contain

no Cyanamid at all.
Whether Cyanamid remains or not, Muller and Odland
(59)

found that weed control did remain longer when there

was less rain after one application of Cyanamid than there
was after another.

In 194-9> they noted that, with 1.77

inches of rain in the 10 days after one treatment, weed
control lasted only about 3 weeks, whereas control remained
good for twice as long after a treatment which was fiilowed
by only .47 inches of rain in the six weeks after treatment.
This is contrary to the opinions of several other worker-8
(25, 39).

Emmert and Elinker (25)

state that Cyanamid is

hazardous to use in drought periods, and Lachman (39)
writes that "Past experience with Cyanamid, however,
indicates often this material is not very effective in
controlling weeds in asparagus beds during dry weather."
Since there is a definite relation between available
soil moisture and soil texture, these differences of
opinion may eventually be reconciled through the use of
such instruments as the tensionmeter and the Livingston soil
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point for measuring soil moisture capillary tension
changes and the soil water supplying power.

LeCompte (47)

used them in some preliminary work in asparagus weeding.
Early work by Sachs and by Briggs and Shantz showed that
the wilting coefficient of plants is definitely dependent
on the type of soil and on the type of plant (55)•

It may

well be that factors important to the availability of water
to plants are as operable where hydrolysis of a chemical
is concerned.

The answer to the question of why Cyanamid

efficiency varies with soil moisture may be in the state¬
ment of Crowther and Richardson (19)

that MIn drier soils

the rate of decomposition is more rapid but diffusion Is
slower."

It is known that moisture differences do not

influence Cyanamid so much when it is thoroughly mixed with
the soil.

This may be because the more intimate mixture

with the soil enhances diffusion.
*

Soil Temperature:
Since it is apparently generally agreed that the
decomposition to the urea stage from Cyanamid is ordinarily
solely a physico-chemical reaction, it seems proper to
assume that it should be governed by the same laws as most
such reactions with regard to temperature.

Pranke (71)

states that the velocity of the reaction Increases with the
temperature, but that even at 0°C., where micro-organic
life is practically at a standstill,

there is still a

conversion of about 3*5 nig of cyanamide per 120 grams of

39.
damp soil a day.

In their work with Cyanamid on Rothamsted

heavy loam soil, Crowther and Richardson (19) noted in
connection with the treatments at various moisture levels
that Cyanamid disappearance proceeded most rapidly at
higher temperatures.

They noted, however, that the temp¬

erature coefficient of 1.4 per 10°C. temperature rise was
a value more in harmony with a reaction dominated by a
diffusion process than by a chemical change.

It occurs

to the writer that, while the decomposition is physico¬
chemical,

the removal of hydrolyzed material is likely by

diffusion, which would tend to regulate the speed of the
physico-chemical process to that of a diffusion process.
On the other hand, in his studies of temperatures
and moistures, Barrett (6) found that, at the moisture
equivalent, disappearance of Cyanamid was at a considerably
faster rate at 25°C. that at 1°C.

Contrary to the opinion

of Crowther and Richardson (19)> Barrett (6)

states that

indications are 11 that the hydrolysis of cyanamide proceeds
at a rate comparable to ordinary physico-chemical reactions
in the soils studied.”
Thus, we are returned to the opinion of Pranke (71)
and his predecessors,

that this change is purely physico¬

chemical from Cyanamid to urea.

Meanwhile, however, we

cannot ignore that a physico-chemical reaction buffered
by soil colloids and adsorbed ions may react more to
temperature as if it were a diffusion process.
After the urea stage is reached,

since further
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decomposition is probably due to the action of soil organ¬
isms, it seems reasonable to expect temperatures favoring
such organisms to favor that part of the transformation of
Cyanamid to products that plants can take up and use for
growth, namely the ammonia and nitrate compounds.
Soil temperature is more difficult to change in the
field than is soil moisture, where weather tends to be
dry.

It has been noted, however, by Merkle and Irwin (54)

that cultivated soil had a slightly but consistently lower
■ temperature than uncultivated soil.

While they attributed

this to the fact that "loosening the surface produced a
<

blanket of loose soil that acted like an insulation", it
seems just as likely to the writer that the cooling is
initially due to a loss of moisture, and later to a greater
diffusion of light rays due to the broken and crumbled
surface, together with a greater movement of air due to
improved aeration.

However, the fact remains that culti¬

vated soils are somewhat cooler, and might thus conceivably
retard the breakdown of Cyanamid somewhat.

It is not likely,

though, that the difference is at all appreciable.
On the other hand, the fact that Cyanamid contains
carbon (11.6 to 11.73$)> suggests that the soil might be
darkened somewhat, and the temperature thus raised.
However, Everson and Weaver (26) noted that 4000 pounds
per acre of carbon black was required to raise soil
temperatures by 2°F on the surface.

It would take nearly

45 years for 800 pounds per acre per year in Cyanamid
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treatments to accumulate that much, if none were to pene¬
trate deeper than 2 inches; and at 400 lbs per acre of
Gyanamid per year, plowed to 8 inches deep, would require
nearly 360 years to accumulate carbon equal to that of
Everson and Weaver’s applications.

It is hardly conceiv¬

able that the temperature rise would be sufficient in
normal treatments to be noticed in the rate of Cyanamid
decomposition or in the time of germination of weed or crop
seeds.

Soil organisms:
As with other factors, we must here consider the
effect on Cyanamid and then the effect of Cyanamid.
Pranke (71) has reported that Ulplani and Kappen,
among others, conducted considerable research over the
disputed course of the decomposition of Cyanamid.

Much of

the disagreement hinged on whether or not soil organisms
were responsible for the decomposition to urea, then whether
they could decompose Cyanamid, and finally whether any
might possibly do so.

It was finally decided that a sol¬

ution of pure cyanamide is not decomposed by ordinary soil
bacteria, but that certain special fungi might decompose
it.

Temme (92), on noting that the literature provided

no proof of the validity of either assumption - that
the transformation from Cyanamid to urea is physicochemically or biologically produced - experimented and
found that microorganisms might be completely lacking*
is his further contention that by the time the soil

It

.
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microflora could adapt to decomposing Cyanamid, that it
would already be decomposed.

It has now become accepted

that soil organisms are not necessary for any part of the
decomposition to urea, but that transformation from urea
to ammonia and the nitrates, as for any soil nitrogen
compound, is through the agency of soil organisms.
Cowie (18) had results at Rothamsted to indicate that
this is so, and that the yield of nitrate N is practically
quantitative.

Apparently, then, we should expect the

soil organisms normally to bring about the same eventual
results with Cyanamid as with other nitrogenous fertilizers.
However, a history of investigations shows that there
»

is likely to be a delay in nitrification where Cyanamid
is applied, expecially in large amounts.

This is the

result of the effect of Cyanamid on the soil microorganisms.
Allison (3)

states that Cyanamid “is extremely toxic to the

soil bacteria which produce nitrates, and hence its
presence in appreciable concentrations may result in
nitrate starvation for the crop.”
On the other hand, Mukerji (58) noted that Cyanamid
markedly increased the bacterial numbers of soils in un¬
cropped pots.

Along with improved aeration, the production

and disappearance of ammonia and the final accumulation
of nitrates were accelerated and increased.
In their study of the effect of Cyanamid on certain
soil-inhabiting plant parasites, Haenseler and Moyer (32)
found that a combination of Cyanamid and lime gave better
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control of clubroot of cabbage and higher yields than lime
alone; that 5 to 50 lbs. per acre near the row just before
planting gave good control of damping off; and that
Actinomyces scabies was not controlled by Gyanamid.
McCool (52)

states that after an initial reduction

in the number of microorganisms there is a recovery, the
increase reaching a maximum in about eight weeks in sandy
soils, in 12 weeks in loams, and much more slowly in clays.
This sterilization effect is not so apparent with normal
amounts for fertilizer applications, and larger amounts
are-needed for partial control of certain soil-borne
disease organisms, insect larval, nematodes, and similar
crop pests.

For such purposes 500 pounds to 1000 pounds

per acre is applied, the larger amounts being put on in
two applications, one before and one after plowing.

Soil Aeration:
With regard to soil aeration, Pranke (71)

stated that

there was practically no difference in the amounts of
conversion of Cyanamid in atmospheres of oxygen and of
hydrogen after 3 or 6 days and that therefore oxidation
plays no apparently appreciable part in the change.

While

noone else seems to have reported on this factor, it has
i

been indicated by more recent work on soil type (5f 6, 18,
19, 28, 66, 67, and 100)

that the decomposition of Cyanamid

is a more rapid process in soils of heavier texture, and
therefore of probably poorer aeration.

Thus, the contention
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of Pranke is indirectly supported.
However, in the final phases of the conversion,
wherein soil organisms are concerned, it is likely that the
influence on nitrification may he of greater importance
than in the Cyanamid to urea decomposition,

since the

populations of the various microorganisms will most certainly
be influenced by aeration.

Allison (3) has stated that

poorly drained and poorly aerated soils are not favorable
for the rapid production of ammonia and the nitrates.
And, work of Swanson and Jacobson (86)

indicates that,

in conditions of better aeration, useful elements are in
more usable forms in soils where aeration is good.

The

nitrates, for instance, are not available in reduced
soils, while the nitrites that do occur are toxic.
With regard to weed control, G-ould, Briggs, and
Wolf (30)

contend that the better control in light soils

may be due to faster weed seed germination.

This, in

turn, may well be due to better aeration, as may the greater
depths at which germination is permitted in lighter soils.
This latter effect may be one reason control tends to last
longer in lighter soils than in heavier types.

Fertilizer practices:
The main difference between fertilizer practices of
Europe and the United States is that here we drill much of
our fertilizer in contact with or near the seed in rows,
using mixes of so-called complete fertilizers.

In Europe,

.
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on the other hand, the more intensive type of agriculture
dictates the practice of hand broadcasting of individual
fertilizer ingredients, a practice almost ideal for the
greatest benefit from the use of Cyanamid (3)•

Since

the use of Cyanamid in fertilizer mixtures is limited (78),
especially by unfavorable results with superphosphate, it
does not fit particularly well into our fertilizer practices.
However, its use as an herbicide might not be thought to
be effected by such limitations,
Cyanamid is applied alone.
noted (105)

since as an herbicide

However, it has recently been

that the fixation of phosphorus is not only

effective in fertilizer mixtures, but also in the soil.
Thus, where Cyanamid is to be applied, it becomes advisable
to increase the normal fertilizer application of super¬
phosphate.

While this conclusion is rather questionable,

the treatment has yielded satisfactory results (105).
Therefore,

it had best be used until research shows some¬

thing better.

Cultural methods:
The control of weeds with Cyanamid seldom lasts more
than a month, and soils that are not too light to plant
certainly need cultivation after intense rains (86).

It

follows that Cyanamid is best in combination with cultiva¬
tion.

Liden (50)

found this to be so in his experiments

with cultivation, 2,4-D, and Cyanamid; and others have
made similar findings.

.

46
Schreiner, Merz, and Brown (71) have stated that
"Proper drainage, maintenance of soil organic matter,
prevention of soil erosion, proper care and use of manure,
improvement of physical condition of soil where necessary,

and liming when indicated, are all necessary to productive
farming."

The latter two points are our main concern here.

For the improvement of physical condition of soil, or,

just

as important, the maintenance of a good physical condition,
good tilth and optimum soil reaction are essential.
Since most vegetable farmers are apparently reluctant
to put productive land into sod crops long enough for
good growth, cover crops are the best soil "conditioners"
in popular use.

Even they are not so widely used as best

practice would dictate.

Animal manures are no longer

available in sufficient quantity or at economical prices,
and chemical soil "conditioners" are not yet low enough in
price to be recommended.

Thus, the use of green manures

and timely cultivations to maintain a loose soil surface
during crop growth becomes increasingly important.

.
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Plant species:
There is, of necessity, some overlapping by this
section of material previously presented and of data and
discussion to follow.

Selectivity and escapance were dis¬

cussed as related to the bases for treatments.

Crop

tolerances and the influence of treatments on crops and
yields will follow.

Herein, we discuss weed species mainly,

but must realize that, as plants, weeds and crops both
exhibit all gradations of susceptibility and resistance;
both enjoy similar selective properties and escapance
mechanisms in some species.
Osvald, VonHofsten, and Persson (67) have demon¬
strated that different plant species - cultivated
plants as well as weeds —— exhibit great differences
with regard to susceptibility to Cyanamid.

They state

that f,Most weed species are damaged much more severely
by calcium cyanamide than cereals and peas"

(67).

They

conclude that the susceptibility in all species seems most
pronounced when germination starts from two to seven days
after seeding, and that susceptibility is mainly due to
physio-logical properties rather than to their morphology.
In this regard, it has previously been pointed out that
an escapance mechanism useful in post-emergence treatments
of some crops is the upright habit.

It was also noted,

however, that this alone was not enough, for when the
material reaches the soil and becomes available to the
roots in the soil solution, the morphology is no longer of

.
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importance.

It is the uptake by roots where physiology

comes into utmost importance.
In general, it seems that perennial weeds are not
controlled by Cyanamid (33) •

In one instance Cyanamid is

reported to have controlled all weeds present excepting
bindweed, or morning glory (50).

It was not stated what

other weeds were encountered in this case.

Hahn (33)

has reported some depression of Canada Thistle, and Carew
(13)

states that this perennial and horse-nettle and milk¬

weed are not generally controlled.

LeCompte (47) mentioned

the presence in one experiment of milkweed 18 inches tall,
morning glory 2 feet long, and Canada thistle 9 inches
tall.

It is presumed, although there is no statement to

the effect, that these weeds were not controlled.
It seems that there may be a number of reasons for the
lack of control of such weeds as these.

Perhaps of

primary importance is the physiological age of perennials.
As has been mentioned, and will be noted further, physiolog¬
ical age is important in the use of many materials in weed
control.

It cannot be ignored that perennials may enjoy

depth protection that annuals do not, due to having deeply
and well established root systems and reproductive under¬
ground parts.

The latter are also likely to be very import¬

ant in the survival by perennials where Cyanamid is applied
in heavy dosages.

It has already been noted that size of

seed, and thus also size of fbod reserve, is a factor in
the recovery of crops from toxic amounts of Cyanamid
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breakdown products.

Where perennials are of major import¬

ance, therefore, Cyanamid as a weedicide cannot be
recommended.
The factors of selectivity and escapance are made
more evident by their greater variability among annual
weeds, which are more usually encountered in large numbers
0

on vegetable crop lands than are perennials.

Among annuals

it is quite generally agreed that in both pre-emergence and
post-emergence treatments, Cyanamid can be relied on to
control dicotyledonous weeds more successfully than monocotyledonous weeds (5, 8, 13, 16, 33,

59, 74, and 101).

The reasons for this apparent selectivity by sub-class
seem to be nowhere recorded.
The author is of the opinion that a factor of major
importance in the lack of control of monocots is that they
may not attract and take up the poisonous anion, C^^,
with such vigor as do the dicots.

It is possible that the

anion uptake is relative to the Ca+'i"

uptake, but absorpt

ion of constituent ions of a salt is not necessarily equal
(55).

At any rate, the manifestation of the uptake is in

the influence on the plant of the CN2^ .

While there is

little information on the uptake of anions, it seems not
entirely ■unreasonable to assume that the absorption of
anions is governed by the same laws that appear to obtain
for cations.
Shear, Crane, and Myers (82)
the fact that the cation:

state that “Because of

anion ratio within the leaf is

.
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a constant, it is evident that at a given concentration of
anions any increased accumulation of one or more cations
must be accompanied by an equivalent decrease in one or
more of the other cations.

Conversely, at a given concent¬

ration of cations any increased accumulation of one or
more anions must be accompanied by an equivalent decrease
in one or more of the other anions”

(82).

It has been indicated by Drake, Vengris, and Colby
(24)

that the high cation exchange capacity of dicot weeds

is important in competition for such exchangable cations
as calcium and magnesium.

Dicot weeds are shown to have

a generally higher exchange capacity for cations than do
monocot weeds (24), and since cation exchange capacity is
apparently a measure of attractiveness for divalent ions,
it may well be that they also absorb anions of the divalent
group more readily than mono valent anions.

If so, then it

logically follows that dicots may take up divalent anions
in greater amounts than do monocots.
the dicots may take up more of the

More specifically,
ion than do monocots,

accounting for differences in kill.
It is interesting to note that the percentage control
of several weeds as averages of all treatments with Cyanamid
in 1950 and 1951 made by this writer, is in about the same
order of magnitude as are the cation-exchange capacity
ratings found for these weeds by Drake, Vengris, and Colby
(24).

Redroot, with a rating of 42.3 was controlled 62.6$;

purslane, with the rating of 40.7, was controlled 63$;
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lambs quarters, which was rated 25.0, was controlled 45.6^;
and crabgrass, which was not rated but probably falls
among the other grasses, which are mainly below 25#0, was
controlled only 20.7^ by Cyanamid.

(as an assistance to

further investigation of this speculation, a portion of the
table of cation - exchange capacities of plant roots from
Drake, Vengris, and Colby is included in the appendix.)
Several investigators report poor control to no
control at all of grasses (33> 59, 74, 101).

In fact,

Warren (101 has presented data Indicating that 100 lbs* of
Cyanamid per acre nearly doubled the grass population,
whereas 200 pounds per acre increased the grasses consider¬
ably over counts obtained on check plots.

The only reporter

claiming excellent control of grasses with Cyanamid was
G-rigsby (31), who applied the dust at 75 pounds per acre
in a water solution with a wetting agent.

In this unusual

method of applying Cyanamid dust may be a clue to better
control of grasses, where they are prevalent, and further
investigation of the technique appears to be worthwhile.
It might be well to note that, due to rapid hydrolysis to
urea under some conditions, it might be best to use only
a very freshly mixed spray solution.

,

In general, properly timed applications of Cyanamid
cope satisfactorily with broadleaved weeds.

It cannot be

overemphasized that timing should be coordinated with weed
seed germination (33> 89).

To apply Cyanamid before

germination is to attack dormant seeds, and dormant seeds
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are highly resistant to Cyanamid Toxicity (33)*

It is not

until the seed has begun to imbibe the soil solution that
the dissolved Cyanamid can enter the seed and kill it
before the embryo emerges, as Crowther and Richardson (19)
have stated it can.

From the time of germination until true

leaves are beginning to function in food production, the
plant, weed or crop, is most tender and susceptible to
Cyanamid toxicity, and certainly the application of the
herbicide should be made before many weeds are an inch or
more tall (5» 13» 47)*
For best control, it may be desirable to wait until
some of the tallest weeds are slightly over an inch tall,
since it is seldom possible to enjoy the ideal situation
in which few species of weeds are present, and all present
respond to like conditions for germination.

More usually,

there are unrelated species and germination is in a series
of peaks for species.

If these peaks occur close enough

together, more volatile materials than Cyanamid can be
relied on to give good control, but a wider spread of emerg¬
ence times requires the use of a residual material like
Cyanamid.

When Cyanamid is applied after some weeds have

reached a height of an inch, most of the weed seeds that
could possibly germinate within the next four or five
weeks have probably done so, and are therefore in stages
when they are susceptible to kill by Cyanamid.

Weeds that

germinate after that time must be dealt with promptly or
they will be found to be stimulated by the decomposed

.
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Cyanamid,
Weeds that have been reported to be controlled by
Cyanamld include chickweed, Stellarla media,
42, 45, 47, 95);

red-rooted pigweed, Amaranthus retroflexus,

(21, 31, 39, 40, 42, 45, 47, 48);
ium album,

(10, 39, 40,

lambs quarters, Chenopod-

(10, 21, 31, 39, 40, 42, 45, 47, 48);

Polygonum pensylvanicum,
Portulaca oleracea,
Galinsoga ciliata,
artemislifolia,
Bursga-pastoris,

(39, 40, 42, 45, 48);

(10, 39, 40, 42, 45);
(39, 40, 42, 45);

(39, 42, 47);
(40, 45);

(5, 21, 22, 33, 70, 96).

smartweed,
purslane,

galinsoga,

ragweed, Ambrosia

shepherd*s purse, Capsella

and mustard, Brassica arvensis,
Unfortunately, there has been

no apparent evaluation of the relative control by species,
and so none will be attempted here.

Mention has already

been made of the relative percentage control of several
species in the seasons of 1950 and 1951 by the author.
These are hardly enough on which to base general statements
of relative susceptibility to Cyanamid toxicity.
It can be stated with some certainty, however, that
those weeds which have been reported as being controlled
can be expected to succWmb sufficiently for commercial
control to properly timed applications of 400 pounds or
more of Cyanamid per acre, unless such a treatment is follow¬
ed very shortly by heavy rainfall.

It must be realized,

however, that a treatment properly timed for such quick-

.
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sprouting weeds as mustard and redroot may be too soon for
best control of slower weeds like crabgrass and purslane.

When the soil and air temperatures have warmed sufficiently
in the late spring, differences in germination times may be
considerably less.

At that time, also, the residual effect

of Cyanamid is considerably reduced,

since breakdown is

much more rapid at higher soil temperatures (5> 6, 71).
In addition, weeds usually grow more rapidly after germin¬
ation at warmer soil temperatures, and, therefore, tend to
be more succulent, and thus more susceptible to Cyanamid
toxicity (22).
It cannot be shown from available data, however,
whether early or late season treatments are more successful.
Species abundance is known to vary with the change of season
Part of the difficulty in analyzing seasonal influence
is due to the fact that most treatments reported were made
in May or early June (29, 34, 39, 47, 70 and others), while
relatively very few late season treatments are found in the
literature (10, 95)*

The main difficulty in such an evaluat

ion, however, lies in the inconsistency in method of re¬
porting control.

This will be discussed later.

.
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Crops in which Cyanamid use is standard.
Post-emergence:
Asparagus -

The use of Cyanamid in asparagus was noted by McCool
(52)

in 1933.

He stated that:

"Cyanamid is also useful

as an agent for the control of weeds in asparagus.

The

fact that asparagus is a deep-rooted perennial while the
weeds are mostly shallow-rooted annuals makes it possible
to scatter the Cyanamid along the rows in the early part
of the cutting season and to eliminate the weeds without
harming the asparagus"

(52),

While there is disagreement concerning the reliability
of Cyanamid for use in weed control in asparagus (1, 39),
there is some rather general agreement with regard to its
use (60, 89).

Ahlgren, Klingman, and Wolf (l) call Cyanamid

the "oldest and most reliable" method of controlling weeds
in asparagus with Chemicals,

Lachman (39), on the other

hand, has stated that his experience with Cyanamid "indi¬
cates often this material is not very effective in controll¬
ing weeds in asparagus beds during dry weather"

(39).

While irrigation is probably not necessary for the asparagus
(103), it might tend to improve weed control under dry
weather conditions,

Noll (60),

in a report on the general

agreement of the Northeastern Weed Control Conference for
1952, has listed Cyanamid as second and third, following
2, 4-D, among treatments in asparagus weed control.

He

reports agreement on 300 to 400 pounds per acre of granular

.
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Cyanamid pre—emergence, and 75 “to 100 pounds per acre of
defoliant Cyanamid post-emergence.
(61,

62)

report

However, he and Cdland

have reported conflicting results.

(61),

In a 1949

they state that control was good with 200 and

400 pounds of defoliant Cyanamid per acre in 3 applications;
whereas in 1950

(62),

they report only fair control from

applications of 400 and 800 pounds per acre of granular

lA

Cyanamid.

spite of such differences,

there seems to be

widespread acceptance of Cyanamid for the control of
chickweed and other broad—leaved weed pests in asparagus.
LeCompte

(47), without regard for the manufacturer's

directions, nor for findings of previous work by others,
applied Cyanamid to asparagus beds with weeds as high as
18 inches.

Defoliant dust at 75 and 100 pounds per acre

gave no control of these weeds.

In fact,

seemed to stimulate more weeds to grow.
however,

the 75 pound rate
Surprisingly,

granular Cyanamid at 800 pounds per acre did give

over 75$ control.

In another report,

LeCompte

(48)

notes

that 800 pounds reduces weeds from over 300 per 15 square
feet to less than 14 weeds in the same area without damage
to cutting asparagus.
The 800 pound rate, however,
maximum amount that
46,

104)•

is recognized as the

should be applied in one season (1,

13»

This is because the excessive nitrogen tends to

promote top growth at the expense of storage of foods in
the crown and roots,

essential to good crop growth early

in the following season.

Also,

the nitrogen excess tends

.
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to send the crop into the winter condition too soft to be
safe from winterkilling.

The recognized practical rate seems to be 1 pound of
granular Cyanamid banded over the row in 18-inch-wide
bands on each 30 feet of row, excepting on sandy soils
where it should be made to cover 40 feet of row length.
With rows 5 feet apart,

the former rate ie about 300 pounds

per acre, a rate that should be adequate where weeds are
small,

preferably less than an inch high.

Carew (13)

further cautions that asparagus spears should not be wet,
and that Cyanamid should not be spread when a rain is expect¬
ed soon.

Lachman (3^,

46)

per acre of the granular,

states that 300 to 800 pounds
or 75 to 100 pounds per acre of

the defoliant dust Cyanamid may be applied during the
cutting season.

The latter treatment may be repeated

seven or eight times during a season.
Although apparently less reliable than 2, 4-D for
control of broadleaved weeds in asparagus

(13)>

Cyanamid is

still probably preferable because the evidence as to the
value of 2,

4-D on asparagus is conflicting (46), and Cyanamid

adds both nitrogen and lime.
Cyanamid costs more

(13),

While the treatment with

more is being purchased.

Under

Massachusetts conditions of sandy soils and rather high
rainfall,

there is a tendency for soils to become acid,

and thus to require lime
soil of pH 6.5 to 7.0

(103).

(103).

Asparagus thrives best on

Thus, besides being provided

with nitrogen for enhanced growth,

asparagus treated with

.
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Cyanamid for weed control is limed in what Crowther and
Richardson (19) believe is the most efficient manner.
While it would certainly be uneconomical to try to bring
about great changes in soil pH with Cyanamid,

it can

probably be relied on to maintain a favorable pH level at
rates used for control of weeds.
PeasThe post-emergence use of Cyanamid on peas has rather
wide acceptance

(1,

5*

13,

21,

22,

46,

89,

98,

104), but

the opinion is common that the dinitros are more reliable
weedkillers

(13,

60)♦

Since Cyanamid also supplies nitrogen,

and is no more expensive than the dinitros -- both $2 to
$4 per acre - at recommended rates (13),
ered to be a better material,

it may be consid¬

excepting during dry, hot

weather when no rain is expected (1).
The rate of application that generally gives best
results is 75 to 80 pounds of the defoliant dust Cyanamid
(1,

5,

13,

21,

pounds per acre
with Cyanamid,

22,

46),

(89)•

but one worker suggests 40 to 75
As with asparagus,

and all weeding

the weeds must be small for the Cyanamid

treatments to be effective and efficient.

On the other

hand,

peas and weeds

in contrast to asparagus treatments,

*

should be moist with dew or rain at the time of applicat¬
ion, and with no rain expected to follow.

This is because

the peas are protected by a waxy coating on smooth leaf
surfaces,

in contrast to the generally hairy weeds found

with the crop.

The weed leaves are thus more thoroughly

i
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wetted and hold more moisture in which to catch and dissolve
more of the toxic dust.

Also,

dust applied to dry foliage

"may be blown off before moisture gathers to activate the
chemical"

(22),

Often the peas show yellowing and curling,

especially of the older leaves, and particularly when the
Cyanamid is most effective as a weed-killer (22).
than lethal amounts are taken into the plant,

Less

and the relat¬

ively large food reserve in the seed enables the crop to
survive and to grow rapidly enough to smother out later
weeds

(5) •
Timing of application is generally judged by the

stage of the weeds, which should be less than an inch tall,
or younger than the 4-leaf stage.

However,

Dearborn (21)

reports good results from treatments based on the size of
peas,

which were 4 to 8 inches tall when treated.
It is essential that the dust be distributed evenly

(1),

in order that peas in one area are not subjected to

lethal dosages, while others are insufficiently treated
for good control of weeds.
Other limitations than those mentioned above are:
the dust is rather disagreeable to handle,

and there is

considerable danger of wheel damage in post-emergence
applications excepting those made by plane or helicopter.
These are only practical for large growers.
Some results of work done on canning peas are shown
in the following portions of tables from reports by
Dearborn (21,

22).

As has been mentioned previously, weeds

Table II
Effect of Cyanamid Treatments on Weeds and Yields
in Canning Peas, in 1947 and 1948,
as presented by C. H. Dearborn (21, 22),
Treatment

Weight of Weeds

Weight shelled Peas

Cyan, dust-753bs/A.

2440 lbs/A.

1360 lbs/A.

Check

3140

1450

840

250

LSD 5%
Cyan, dust-75 lbs/A.
Check
LSD 5%

5200 lbs/A.

2300 lbs/A.

11000

2490

2600

485

.

60
present at harvest time add materially to what must "be
put through the viners.
data presented*

This is clearly evident in the

It is also evident that the 1948 weeding

was substantially more effective*

This may be because the

1947 plots contained relatively little mustard and much
more lambs quarters than the 1948 plots, although the
relative control of these weeds was not noted*

The mustard,

being considerably more rough and hairy than lambs quarters,
must have caught and held considerably more of the Cyanamid
dust than the latter.
Other crops Cyanamid has been applied with some success in post¬
emergence treatments on onions and sweet corn (34, 40, 45,
50)*

There are superior materials available, however,

for

use in these crops after they are growing above ground.
Cyanamid treatments are more expensive than 2,

4-D on corn,

and more risky than potassium cyanate on onions.

Such

treatments will not be considered separately from the pre¬
emergence treatments on these crops.

Post-emergence treat¬

ments with Cyanamid are standard on no crops other than
asparagus and peas.

.
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Pre-emergence:
Peas —■—

The problems and reasons in pre-emergence weeding of
peas differ from those in post-emergence treatments.

Here

differential foliage wetting is no factor, and peas fall
among those plants with high cation-exchange capacities,
the legumes.

However, peas have an apparently high resist¬

ance to or tolerance of Cyanamid toxicity.

Also, they have

relatively large seeds, and thus large food reserves and
recovery resources.

In addition, there is no danger of

wheel damage in pre-emergence treatments.

Gyanamid thus

applied may be put on with any standard lime or fertilizer
spreaders or even with some lawn seeders, and is handy for
even the small grower to use.

Of course, the granular form,

being free flowing, is the type generally applied by such
means and in pre-emergence treatments.

The granular form

is generally applied at heavier rates and is more valuable
with regard to nitrogen than the dust, as applied in the
post-emergence treatments.

High nitrogen in peas is very

important to yield and quality (10, 33, 76).
There seems to be no deviation from the generally
accepted rates of 250 to 350 pounds per acre (13, 33, 70,
96), since the rates below these figures, namely 100 and
200 pounds per acre, failed to give satisfactory control of
weeds (8l).

Of course, Bender and Stark (10) found that,
»

in addition to good control with 275 pounds, they had good
control with the 550 pound rate.

Such a heavy application
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has not generally seemed necessary.

There seems to be general agreement that the applicat¬
ion be made 5 or 6 days after planting (33* 81, 96)* although
Carew (13) has qualified this recommendation by stating
timing in relation to the stage of mustard.

This is in

line with the general opinion that weeds should be treated
before reaching the 4—leaf stage*

Hahn (33)

recommends

syncronization of application with germination of weeds.
This is in agreement with the views of Sweet (89) who
recognized that weeds do not all germinate at the same time.
In order to be successful with weed control treatments he
felt that those weeds which are able to germinate within
the next several weeks must have done so at the time of
herbicide application*

With a material,

such as Cyanamid,

which has a residual nature, the limitations are probably
not quite so narrow as with volatile spray materials.
This is especially important with peas,

since they

are a cool-weather crop, and cool weather tends to stretch
out the chain of events such that differences in germin¬
ation time, and in the time of persistence of toxic chemical
materials,

seem to be accentuated.

Thus, in cool weather,

the 5 to 6 day delay after planting may be stretched to 7 or
8 days.
Whether the added nitrogen in Cyanamid is especially
beneficial to peas is a point of disagreement.
(70)

Patterson

found no differences in yield, maturity, or tenderness

of peas due to Cyanamid applications, while Hahn (33) made
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much of the differences found in his work,

Hahn especially-

pointed out that a farmer can either harvest the peas at
a better tenderometer reading, or he can allow his crop to
increase in yield until it reaches the tenderometer reading
of untreated fields, at which time he says treated plots
will yield more heavily.
Whether these suggestions are followed, or whether
the farmer adjusts his nitrogen from other fertilizer
sources, he should gain by the use of Cyanamid in peas for
weed control,

since no other treatment suggested provides

nitrogen, in addition to controlling weeds.

In any event,

it should be noted that good stand is important with pre¬
emergence treatment for weed control in peas, because
without good stand the later weeds are not shaded out
satisfactorily, making more post-emergence weed control
measures necessary.

i

Onions One investigator has stated that Cyanamid cannot be
used safely as a pre-emergence treatment on onions (2), and
another found that 50 pounds per acre applied when the
weeds were wet caused considerable damage to the onions
(15),

The latter, however, did report that onions so

damaged were not reduced in yield by one application.
Warren (100) has stated that such non-residuals as Stoddard
Solvent are best for use in contact pre-emergence treat¬
ments with slow-germinating crops such as onions.

.
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Lachman (46) has listed both Cyanamid and Stoddard Solvent
among treatments showing promise, but Carew (13) mentions
only the Cyanamid in his recent bulletin.
The reason for the divergence of opinion is quite
apparent from a review of reports on weed control experi¬
ments in onions.

Perhaps the heaviest application that is

suggested in the literature as being successful is the 400
pound rates noted in the following tables taken from a 1951
report by Lachman (45).

From this data it may be noted

that while weed counts are not as low as might be desired
on any of the Cyanamid plots the yields are all somewhat
higher than the check.

With only one exception they were

not significantly different from the best of all other
treatments reported.
Jacobson (86)

As has been quoted, Swanson and

state that the purpose of chemical weed

control research is to find means of increasing yields at
less cost.

Cyanamid is seen to increase yield, but on

such close-planted crops as onions, where banding is not
practical, it is almost impossible to reduce treatment and,
thus, costs.
Other workers have noted such effects as delayed
emergence with 75 to 100 pounds per acre (34), only fair
control with up to 150 pounds per acre (65), and damage
to onions when 50 pounds of Cyanamid was applied per acre
(15).

It cannot be denied that amounts required for

consistently good control of weeds in onions are likely to
be injurious to the crop.

Lachman (40) has noted, also,
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Table III.
Effect of Cyanamid on Weed Control, Crop Damage, and Yield
of Ebenezer Onions in 1950
as presented by W. H. Lachman (45)•
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that there is usually a greater amount of injury to the
onions when Cyanamid gives the best control of weeds•
This narrow safety margin is most likely due to two
main facts:

that onions do not have inherent selective

resistance to Cyanamid, and that they are relatively
shallow-rooted and do not therefore have the depth prot¬
ection needed by susceptible crops.

What saves them is

likely the reserve energy in the bulb of the set, with
some possible benefit due to physiological age.
A sufficient number of papers (13* 15, 34, 38, 40,
46, 65) report fairly successful weeding without serious
damage so as to make the use of the Cyanamid pre-emergence
treatments appear sufficiently promising to merit further
investigation.

However,

success is not certain enough

for this crop to remein among those in which such treat¬
ments can safely be called Mstandard.”
It may be that the answer to the difficulty with
Cyanamid in onions lies in the apparently unorthodox use
of Cyanamid by Grigsby (31) in asparagus, wherein the
dust was dissolved in water with a wetting agent and appl¬
ied at 75 pounds per acre.

In such a technique, the weeds

need not be wet with dew or rain before application,
and the toxicity is dissipated in a shorter time, making
the effect less residual and more comparable to the
herbicides suggested by Warren (100)•
Results to date indicate that a pre-emergence treat¬
ment with Cyanamid cannot be relied on for more than
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several weeks' control (34, 40) •

As has been stated,

this is the purpose of pre-emergence weed control appli¬
cations.

Since potassium cyanate. a standard post¬

emergence herbicide used in onions,

should not be applied

before the onions are 3 weeks old (13)* it is desirable
that control last until then, but not necessary for it to
last much longer.

Best control, then,

should not be

sought through heavier dosages, which cause greater injury
to the crop, but through a better understanding of the
chemical and of conditions influencing its efficiency.
Hedlin (34) has found that pre-emergence Cyanamid treat¬
ment alone has reduced weeds 50$, and that with post¬
emergence cyanate treatments 90$ of the early weeding has
been eliminated.

Lachman (40)

states that "The Cyanamid

dust pre-emergence applications were particularly bene¬
ficial in controlling the first crop of weeds, especially
at the 150 pound - per - acre rate.

This effect was

lost, however, in several weeks and it was then that
potassium cyanate applications were especially useful and
noteworthy"•
Carew (13) has cautioned that the dust should be
applied not less than two days before the onions emerge.
Perhaps, at rates such as the 150 pounds used by Lachman
(40), the treatment had best be at least five days before
emergence.

As seen in Table 111, earlier treatments can

give better control and less crop damage, even at up to
400 pounds per acre.
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It may be of some interest that pre-emergence treat¬
ments with Gyanamid have no measurable influence on the
keeping quality of onions (15)*
Other crops There are, at present, no standard pre-emergence
treatments with Gyanamid for crops other than onions
and peas.

The manufacturer suggests (104)

that for

vegetable plant beds the soil may be treated with Cyanamid
at least 60 days before the soil freezes in the fall, but
it seems'highly improbable that a farmer in such a case
would not prefer to cover crop with millet or some other
such crop chosen for its ability to smother out weeds,
while at the same time making green manure.

Of course,

it would be of considerable value, perhaps, to precede
the seeding of a resistant cover crop with an herbicidal
application of Cyanamid,

since the nitrogen would both

enhance the growth of the cover crop and be stored for
use when that crop is plowed in the following spring.
This would be in addition to the action of weed killing
in the fall, making it more valuable than just a nitrogen¬
ous fertilizer.

t
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Crops in which Cyanamid Use is Experimental
For the crops discussed .above-asparagus, peas,
and onions - and for corn and spinach, reports on the
use of Cyanamid are relatively numerous.

For others

there is little or nothing to indicate that Cyanamid
has been tried.

The reluctance among workers to try old

materials in new uses is not so shameful as this unwilling¬
ness to test materials on crops that are not extremely
simple and easy of culture.

Many of the crops that are

harder to grow are also more difficult and more expensive
to weed.

In the present writing, it becomes necessary to

rely on very limited information for an evaluation of
Cyanamid in weed control in vegetable crops.

In many

cases no evaluation is possible.

CornThe first crop to be considered will be corn, app¬
arently the popular choice as a crop on which to test
Cyanamid.

While only sweet corn is properly the province

of a report on vegetable crop weeding, it has been decided
that several papers wherein field corn has been used do
merit attention, inasmuch as there cannot conceivable by
any tremendous difference in response to Cyanamid between
these types of corn.
In 'these experiments the most commonly tested rates
are 200, 400, 600 and 800 pounds per acre of Cyanamid,
while one pair of workers have used amounts roughly equiv-
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alent to 2000 and 3000 pounds (23) •

There seems, however,

to be no justification for such extremes.

In fact, rates

of 600 and 800 pounds have reduced yields (30, 59) , or
have caused temporary injury (42,

50), and a number of

workers report no significant improvement above the 400
pound - per - acre rate (8, 11, 29, 30, 50,

50).

That

rate, however, apparently cannot always be relied on to
give satisfactory results (43, 44),

so it is quite

apparently not a cut - and - dried matter.

It would

seem that a user of Cyanamid for weed control in corn must
exercise his judgement as to whether conditions warrant
the use of heavier or lighter rates.

There are other

factors to consider, as well.
In general, it appears that there is some agreement
on the fact that lighter rates are needed on lighter
soils, or that heavier rates are possible on heavier soils
(50, 66).

There is not complete agreement, however,

since

Baylor and Gould (8) report that texture did not appear
important in the response; and Gould, Briggs, and Wolf
(25)

even state that higher rates on heavier soils caused

decreased yields.
In tests to discover the most advantageous depth
for planting corn where Cyanamid and other materials are
used for weed control, Raleigh and Patterson (72) did not
take yield records since stand was so poor.

However,

in

2, 4-D treatments it was noted that the greatest injury
occurred on the shallow plantings - one inch deep..
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It is the opinion of the author that this crop, with its
apparent tolerance, its low exchange capacity, and its
large food reserve,

should be safe at depths of from one

to two inches, even at fairly heavy rates of application.
As to varietal response, only Lachman (42)
have used more than one or two varieties.

seems to

Among them,

he lists Seneca 60, Spancross, Seneca Dawn, Early G-olden,
North Star, Marcross, Garmelcross, Pilgrim, Lee, and
Golden Cross Bantam.

He does not report any differences

due to variety, and it may be assumed that such differences
would be insignificant.
With regard to timing of application, Baylor and
Gould (8) have indicated that treatment 4 to 5 days after
planting gave them their best results.

Gould and Aldrich

(29) had somewhat better results with a 7-day delay than
with a 4-day wait, and the latter was considerably better
than treatments made at planting time.

Lachman (45) also

reports much more effective weed control after an 8-day
delay than after only one day.

Muller and Odland (59)

also recommend preparing the soil a week in advance of
planting, but this seems unnecessary with this crop,
since delays between planting and treating can be as
much as a week.

Along with early preparation, however,

could go a program of harrowing - once or twice to further reduce weeds.

In some cases this would elimin¬

ate the need for a pre-emergence herbicide.
The use of the harrow is particularly of value in a
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cool, wet spring, when weeds would tend to have an advant¬
age.

In one report (74) where several narrowings followed

early fitting, fields were too clean for an accurate eval¬
uation of chemical treatments.

Of course, the tendency

is to plant first crops on lighter soils,

since they are

more easily fitted and mature crops sooner; and on such
soils weed seeds tend to germinate more rapidly (30)•
Since the control of weeds with Cyanamid seems to he more
reliable on lighter soils (11, 29, 30, 66), this is
probably the best place and time for Cyanamid use.
Lachman (45)

states that "It is felt that where weeds

are controlled adequately by chemicals up until the time
corn is six inches tall the method is well worth while".
At that time cultivation is considerably easier and safer,
and the crop tend3 to shade the soil somewhat, although
seldon sufficiently to be counted on to control weeds.
A number of workers have shown that cultivation is very
desirable, even where control is possible throughout
the season with additional treatments of Cyanamid (50)
or other materials (50, 59, 94)•
It has been reported that "even where actual control
appeared somewhat low, weeds on treated plots were gen¬
erally small,

spindly and non-vigorous" (6) •

This is

also evident to a degree in Table III in onions.

It is

said to pay to treat with Cyanamid from the point of
yield, regardless of the control of weeds (5), and two
reports actually include figures to show that it does pay.
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Baylor and G-ould (8)

state that 400 pounds returned $14.90

plus the cost of one cultivation for $14.00 worth of
Cyanamld.

The other report is that of Llden (50), whose

table is partially reproduced here as Table IV.
The data in Table IV tends also to show, as has been
pointed out previously,

that cultivation is desirable

even with good control of weeds; and especially on
heavier soils,

it certainly appears to be economically

worthwhile to weed corn pre-emergence with Cyanamid at
rates between 400 and 600 pounds per acre.
materials are banded over the row,
makes it much more valuable.

When the

the additional saving

Such a treatment is shown

to give the best dollar return of all treatments made.
Oddly enough,

the next best return was from the treatment

with Cyanamid when the corn was 18 inches high, after pre¬
emergence control with 2, 4-D.

This treatment also is

notable for its control of weeds, the best of all report¬
ed in this work by Liden (50).
That weed control and yield are not necessarily
correlated is evident in data from a report by Lachman (45),
here recorded in Table V.

"While control of weeds is far

greater with the 8-day delay, the yield is not signific¬
antly improved by either the delay or the lack of weeds.
In this case the earlier treatment gave the poorest control
of any material in the test; while the delayed treatment
was not significantly different from the best with regard
to weed count, and was very nearly best in marketable
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Table IV
Effect of Some Combinations of Cyanamid and Cultivation
on Weed Control, Yield, and Returns from Corn,
as reported by C. H. Liden (50).
Cyanamid broadcast*
Average
Average
Dollar Return
Yield
No. 3-4 da. nost-1)1 anting weeds per
per. Acre
bu./A.
6 SQ. ft.
lbs/A. Cultivations
over Check
16
56.3
400
all 3
1
123.71
2
2nd only
200
30
32.7
-15.25
21.6
none
70
400
-41.77
3
- 1.76
2nd only
45.4
4
400
57
18.28
400
all 3
58.1
15
5
49.6
6
40
- 4.32
2nd only
600
54.6
11
19.32
7 2,4-D pre-emergence
400 all 3 cultiv.
0.00
17
12 Check-'5 cultiv. only
37.7
38
LSD 6*
15.6
^Excepting 1 and 7 banded 18-inches, latter when corn 18 in. tall.

Table V
Effect of Cyanamid at 400 lbs. per Acre on Germination
Weed Control, Plants, and Yield of Golden Jewel Sweet Corn,
as reported by W. H. Lachman (45).
Treated - Germination
(perfect=66)
days after
planting
1 day
42.25
8 days
52.25
Sheck-cultiv.
47.25
LSD 5$
5.1
6.8
_LSD It

Weeds
per
sq. ft.
42.50
5.25
63.25
17.60
25.40_

Weeds
size
1-10
6.00
2.00
9.75
1.32

1.75

Crop
MarketDamage able ears
pounds
1-10
2.50
37.50
3.00
41.75
■58.25
1.00
2.14
o.6>4
2.84
11.5Q_
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yield.

Table VI is a composite of the weed counts and yields
reported in seven papers on the use of Cyanamid in pre¬
emergence weed control in corn.

The counts given are the

averages of all as they fell into the timing delays noted,
where weeds were rated rather than counted, they were
omitted.

Yields measured for the plots were corrected

to bushels per acre on the basis of a 60-ear bushel.
From this table it seems evident that the longer
delay gives better weed control, and that the medium
delay gives better yields.

It would appear that perhaps

the time interval is not so important as coordinating
application of the Cyanamid with the germination of the
weeds.

This depends on many more factors than time

alone, and is much simpler to observe directly than would
be all the factors involved.

The author believes that

testing applications with regard to weed size or to time
after first weed germination would be of considerable
value, perhaps much more than the present method of reckon¬
ing from planting time for the crop.

It would, of course,

be essential to note also the time of crop germination.
The most notable fact indicated by Table VI is that
Cyanamid Increases corn yields.
over 30%.

The average increase is

Thus, it seems that Cyanamid is desirable even

if control of weeds is uncertain, and the data indicates
that at rates of 400 pounds and up the control is usually
good enough for commercial growth of corn.
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Table VI
Effect of Timing and Rate of Application of Cyanamid
on Weed Counts and Corn Yields,
an average of data from reports 11, 29 > 30, 39> 45, 50 and 59.
Delay after

Rates of

Weeds
per sq. ft.

Bushels Com
per Acre

Planting

Application

No delay

200 lbs/A

20.1

42.9

400

18.3

58.0

600

13.1

53.0

800

6.4

62.2

200

33.5

63.1

400

21.1

67.9

600

25.6

67.5

800

11.9

78.3

200

20.1

55.4

400

10.5

68.8

600

7.1

69.6

800

8.1

59.2

40.5

47.5

1 to 4 days

Over 4 days

Cultivated Checks
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On this basis,

it would appear that the use of Cyan-

amid for pre-emergence weeding of corn merits consideration
as a standard treatment.

Spinach The use of Cyanamid for weed control in spinach is a
comparatively recent development, and the only reports
on such use seem to have been written since 1950.
Parker (69)

In 1934,

reported the use of Cyanamid as a fertilizer

source of nitrogen for spinach.

He reported it as giving

higher yields and soil reactions than ammonium sulfate,
alone, or with nitrate of soda or blood, or than blood
alone.

He did, however, report that quality was impaired

by the yellowing of leaf margins on many of the mature
leaves.

While this may have been largely the result of

a prolonged drought following treatment, it is a danger
that must be recognized.
Of the more recent work,

that of DeFrance and

Simmons (23), wherein 50 to 75 pounds per 1000 square
feet, or the equivalent of 2000 to 3000 pounds per acre,
was applied, indicates that such amounts are considerably
above the tolerance of spinach, even when applied 2 and 4
weeks in advance of planting on soil moistened by irrig¬
ation.
Even rates as low as 800 and 1200 pounds per acre,
as applied by Bender and Stark (10), reduced stands and
yields of spinach below those on the plots receiving

.
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400 pounds per acre.

This is shown in their data as

presented in Table VII.

These applications were made 4

and 7 days before planting, an interval shorter than used
by

DeFrance and Simmons.

Stand reductions were somewhat

less at the longer interval for higher rates, but there
was no appreciable difference at 400 pounds.
Using this more reasonable rate,

the writer determin

ed that spinach tolerated Cyanamid applied 3 days or more
before planting where the equivalent of one-half inch of
rain per week was applied to soil at field capacity when
treated.

In other experiments in the field, this writer

recorded data that seems quite definitely to demonstrate
that treatments made 7 days before planting stimulate
spinach considerably more than those made 14 days before
planting.

This data, recorded in Table VIII, tends to

indicate that it is worthwhile to treat with Cyanamid
even 2 weeks before planting, and that, regardless of the
amount of control obtained, Cyanamid treatments on
spinach are economically desirable due to the fertilizer
effect.

Broadleaved weeds in this experiment were contro

lied excellently, while most treatments seemed to stim¬
ulate crabgrass, indicating that the use of Cyanamid had
best be avoided where crabgrass is at all serious.
It would appear from these results that, with care¬
ful preparation of the seedbed, and with close observat¬
ion of soil moisture and predicted weather conditions,
Cyanamid can be used to weed spinach with satisfactory
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Table VII
Effect of Cyanamid Treatments on Stand and Yield of Spinach,
as reported by Bender and Stark (10)
Rate of
Application
Check
400 lbs/A

800
1200

% Stand
Reduction
0.0
5.0
20.0
72.5

LSS 5l

Yields per Acre
Bushels
Pounds
8220
TFT
11866
659
520
9361
416
7487
1172
__

Table VIII
Effect of Cyanamid on Weed Control and Yield of Spinach
in 1930 field tests.
Plot
KNo.
1
2

3
4
5
6
7
8

9

IQ_

Yield in
Weeds/sa. ft.
Treatment
grams per
Crab- BroadDays preSurface
Rate
Ivd. Replication
planting
&rass
lbs/A or raked
11 263
36
surface
7
300
7
ii
6 000
0
14
56
300
M
12 843
1
27
600
7
II
8 Q58
0
14
31
600
T“
11 258
50
raked-in
400
7
it
20
14
7 518
400
3
it
2
10 780
800
7
31
ii
21
14
7 525
800
1
.
26
24
2 445
Unweeded Check
0
0
4 053
Hand-•weeded Check

.
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results with pre-emergence applications of 400 pounds
per acre.

One difficulty of considerable importance is that the
early fitting of the soil - a week or so before treating,
for best results - makes for caking and crusting of
any but the lightest soils.

This makes it nearly imposs¬

ible in some cases to use a seeder without first loosening
the soil.

Such a measure is contrary to recommendations,

based on past experimental data, that the soil should be
disturbed as little as possible in planting.
The application of Cyanamid tends to raise soil pH
(96A); total fresh and dry weights of spinach are greater
at higher soil pH (79); Cyanamid supplies nitrogen; and
spinach yield is a function of nitrogen supply (80).

It

seems to follow, therefore, that Cyanamid is an admirable
material to use in the culture of spinach.

This is espec¬

ially so when the ability of Cyanamid to control broad¬
leaved weeds is considered.
Certainly, the use of Cyanamid for weed control in
spinach had best be more thoroughly investigated.

Mean¬

while, the most satisfactory results apparently are obtain¬
ed when 400 pounds of Cyanamid is applied from 4 to 7 days
before planting on soil that is fairly moist.
Frontispiece:
A view of the 1950 spinach weed control tests is
seen in the frontispiece.
nearest the camera.

The Cyanamid plots are those

The first plot on the left beyond

.
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the verv clean plots is the Untouched check, appearing
as number 9 in Table VIII.

To the right of that very-

weedy plot is number 10, the Hand-weeded Check.

The

Cyanamid plots on the left, reading from the very weedy
plot toward the camera, are numbers 7, 5> 3> and 1.

The

corners of these plots are marked by the white pegs
bordering the fallow strip.

The Cyanamid plots on the

right, reading from the Hand-weeded Check to a point to
the right of the camera, are numbers 8, 6, 4, and 2.
The photo was taken on July 30, which was 41 days after
these even-numbered plots were treated, and 34 days
a

after the odd-numbered ones, directly faced by the camera.

Beans Very little has been reported on the use of Cyanamid
for pre-emergence weeding of lima beans,
shell beans.

snap beans, or

It is apparently believed that the dinitros

are superior for such use.
Jacob and Scudder (36) used 200 and 400 pounds per
acre of Cyanamid, among other materials, and found that
it did not significantly change the number of bald heads,
or crooks, among lima bean plants.

In the early planting,

however, Cyanamid at 400 pounds per acre appeared to
#

increase the number of good plants significantly over the
untreated plots.

There was a very slight increase of

good plants on later plantings where Cyanamid was applied,
indicating possibly a degree of control of damping-off

.
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in all plantings.

The control of weeds was good to excell¬

ent in the May 21 planting and good in the June 18
planting, but there was no control of weeds by Cyanamid at
either rate in the July 28, 1948, planting of lima beans.
The same findings were made for lima beans planted
by Jacob (37)

in July, 1950, where 200 and 400 pounds per

acre were applied 3 days after planting.

In this case,

Jacob stated, "Granular Cyanamid was erratic in behavior
and it failed to hold back any weeds".

However, his report

does mention that 1.47 inches of rain fell 16 hours after
the application of the Cyanamid.

Thus, it seems no wonder

that poor results were obtained.
Noll and Odland (61) report that in 1948, where lima
beans were planted the day after preparation of the seed¬
bed, and Cyanamid was applied at 200 and 400 pounds per
acre 8 days after planting, plant stand was good, but weed
control was poor.
These three reports have in common both low rates of
application and erratic control of weeds by Cyanamid.
They also seem to indicate that lima beans easily tolerate
up to 400 pounds per acre of Cyanamid applied over a week
after planting.

It seems likely that heavier rates of

application may prove to be more reliable, even if they
cannot be delayed as much as the 8 days used by Noll and
Odland (6l).
There are apparently no reports on the use of
Cyanamid in other beans grown for vegetable use.

The
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unpublished work of this writer indicates that beans are
quite tolerant of Cyanamid in amounts sufficient to assure
good weed control, if timing is correlated with the emer¬
gence of the majority of weeds that can possibly germinate
within the month following treatment.

In treatments comp¬

aring the effects of surface applications of 300 and 600
pounds per acre with raked-in applications of 400 and 800
pounds, it was found that none of the rates applied at
either 7 or 14 days before planting significantly altered
the yield of beans by weight.

It was quite apparent,

however, from the data (in Table IX)

that the yield was

consistently greater on those plots where treatment was
made 14 days before planting.
Weed count data did not correspond or correlate in
any way with the yield results, for although control of
numbers of weeds was best with treatments #4 and #8,
treatment #6 had only 50# control and #2 only 25#.

These

latter two yielded practically the same as where excellent
control was obtained.

Control on #3> the lowest yielding

treatment, was almost exactly the same as treatment #6,
the highest yielding treatment.

It might be well to note

that the weights of weeds where the Cyanamid was applied
on the surface were lower than where the material was
raked-in.

This is also seen to hold for the yield weights

of beans.

This may be the result of the somewhat larger

amount of nitrogen on the raked plots, and possibly also
from the more intimate mixture of the fertilizer with the

-
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Table IX
Effect of Cyanamid on Weed Control and Yield of Beans
in 1950 field tests

No.

Weeds/sq. ft.

Treatment

Plot

Yield in

Rate.

Surface

Days pre-

Crab-

Broad-

grams per

lb s/A

or raked

planting

grass

lvd.

Replication

7

20

8

8 375

14

22

10

12 785

7

15

7

5 868

14

2

3

10 548

7

25

19

8 988

it

14

16

5

11 535

800

it

7

13

10

10 015

8

800

it

14

7

0

11 475

9

Unweeded Check

15

30

6 335

0

0

9 590

1

300

Surface

2

300

«

3

600

4

600

5

400

6

400

7

10

it
M

raked-in

Hand--weeded Check

eo.
soil.

Vh.ile this may be advantageous from the nutrition¬

al standpoint, there seems to be no great advantage inso¬
far as weed control is concerned, to raking in Cyanamid.
On the other hand, Volf and Ahlgren (102) have shown
that broadcasting Cyanamid over the surface is more effect¬
ive for weed control than mixing it with the soil.
Photos:
In the pictures on the photo page, next, are seen
the bean weed control trial plots for 1950.

The upper

ohcto shows the even-numbered plots before cultivation,
the lower shows the odd-numbered ones.

The relatively

clean plots in the foreground are those in which Cyanamid
was used.

In illustration^the weedy plot ^ust beyond

those directly faced by the camera Is the Untouched
Check, number 9•

Directly to the left of it is the Hand-

weeded Check, number 10.
obscured by the plants.

Unfortunately, plot markers are
However, the plots in tne

immediate foregrounds received 600 lbs. per acre 14 days
before planting and *7 days before planting, as noted.
These pictures were taken hi days after treatment.
Illustration 5 was taken 2 days later from a point
just two rows to £fae right of the camera position for
Illustration 3.

This was one day after cultivation and

was taken to show the effect of weed-shading and materials
on the coloration of the crop foliage.
of film for this picture was poor,

While the choice

still it shows the

greenness of Cyanamid plots with relation to weedy plots
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and those where other materials were used*

This and

yields show that Cyanamid is good for beans*

Potatoes Only two reports were found on the use of Cyanamid
for weed control in potatoes, and both were favorable

(12, 16).
Campbell and Wolf (12)

applied Cyanamid eleven and

eighteen days after planting.

At each timing 200, 400,

600 and 800 pounds per acre was applied, and treatments
of 100 and 200 pounds each were made in split applications
at both timings.

There were no injurious effects from

any treatments, with good control of weeds at rates above
400 pounds.
higher rates.

There was a trend toward increased yield at
This latter is more evident in another

experiment in the same report, wherein 500, 900, and 1200
pounds per acre were applied in 12" bands over the rows
one week before emergence.

This data is presented in

Table X.
Substantially the same results are reported by Cobb
(16), who applied Cyanamid at 800 and 1200 pounds per
acre.

His weed control is also shown to be good and

yields to be improved.

His data is given in Table XI.

It is noted that the higher rate used by Cobb returned
a smaller yield than his lower rate of application.
This is likely the result of early toxicity which was not
completely overcome in later stimulation.

The treatment,
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Table X
Effect of Cyanamid Treatments on Weed Control and Yield
of Potatoes, as reported by Campbell and Wolf (12).
Treatments

Weeds
Dicots

Bushels psr Acre

Monocots

average

Cyan. 500 lbs/A

34

205

426

Cyan. 900

17

156

453

Cyan. 1200

17

131

498

Check

81

315

372

LSD 1%

96

Table XI
Effect of Cyanamid Treatments on Weed Control and Yield
_of Potatoes, as reported by J. S. Cobb (16).
Treatments

Weeds
Dicots

Bushels per Acre

Monocots

average

Cyan. 800 lbs/A

3

6

222.5

Cyan. 1200 lbs/A

3

2

206.5

Check-no treatment

17

31

156.5

.
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after all, was made only two days before the potatoes
broke through the ground.

Even then, the percentage

increase over the check is almost exactly the same as
that obtained by Campbell and Wolf for their 1200 pound
application - about one-third more.
While there may eventually be an increase in
Actinomyces scabies as a result of Cyanamid treatments
and resultant higher pH values, no such effect was noted
in either of the above reports.

Yields were reported as

total yields and there was no separation of scabby or
otherwise undesirable potatoes.
It seems evident, therefore, that this material
may have promise in the weeding of potatoes, and that its
use for such weeding should be further investigated.
Since seed size seems to be related to ability to with¬
stand and to recover from Cyanamid toxicity, it is quite
evident that the potato as planted should be well enough
fortified to be treated without injury at rates that should
be very reliable for weed control.

A saving of material

and expense is possible by banding the Cyanamid in a
12-inch band over the row.

Radishes There has apparently been little concern with the
weeding of radishes, perhaps because they are so quick
to grow and to mature.

It can be shown, however, from

the writer's own work that for all the rapidity of growth,
radishes can be seriously reduced in yield where weeds
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are numerous and unchecked.

In Table XII, the Unweeded

Check plots are seen to have yielded at least 25% less
than did Hand-weeded plots where no chemical treatment
was made.

The weeds on the latter were at no time allowed
i

to grow over one inch tall before being removed.
It is interesting that DeFrance and Simmons (23)
report fair to good radishes at such heavy rates as 2000
to 3000 pounds of Cyanamid per acre (50 to 75 pounds per
1000 square feet),

since rates as low as 300 pounds per

acre caused burning of the margins of older leaves of
radishes in the author*s work.

There was, however, no

significant reduction of yield by any of the rates, the
highest applied being 800 pounds per acre.
In the writer*s 1950 yields there were no significant
differences between treatments.

This may be explained,

perhaps, as much by the fact that the quickly matured
crop was out of the ground too soon to utilize fully
the Cyanamid nitrogen as from any control of weeds.

Control

was good on broadleaved weeds, and on treatment £8 for
crabgrass, but only fair to no control of crabgrass in
other plots.

There is no correlation between weed control

and yields, excepting for the check plots.

All rates

caused burning of the leaf margins of older (outer)
leaves, but this had no apparent effect on yields, or the
effect was masked by later nitrogen stimulation.
From the point of yield, Cyanamid on radishes cannot
be considered an economical treatment.
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Table XII
Effect of Cyanamid on Weed Control and Yield of Radishes
in 1950 field tests
Treatment

Plot
No.

Rate
lbs/A.

Surface

Days pre-

or raked planting
surface

1

300

2

300

3

600

4

600

5

400

6

400

7

800

8

800

9

Unweeded Check

10

Weeds/sq. ft.

It

II

II

raked-in
it

11

it

Hand-weeded Check

Yield in

Crab-

Broad

grams per

grass

lvd.

Replication

7

58

2

8935

14

43

4

7555

7

42

3

7398

14

28

0

6660

7

56

2

9118

14

35

7

8X75

7

34

2

8323

14

12

2

8158

58

13

5825

0

0

7793

•

.
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Lettuce The writer has not encountered any reports on work
done with Cyanamid for weeding lettuce.

It thus becomes

necessary to rely on his work only for an evaluation of
this herbicide on this crop.

For the effect of the chem¬

ical on lettuce yield, it is unfortunately necessary to
depend on the findings of one season only, the author
having been forced by illness to leave the project before
the second season’s yield could be taken.
In the 1950 season, lettuce was treated with 300 and
600

pounds per acre applied to the surface, and 400 and

800 pounds of Cyanamid per acre raked-in lightly, all
rates at intervals of 7 and 14 day? before planting.

The

1

crop of Pennlake lettuce was harvested 59 days after
planting, by cutting off the lettuce plants at ground
level with a sharp knife after the dew had dried off most
of the plants.

Shaken free of all undesirable leaves

and dirt, the plants were weighed in the field as soon as
possible.

Yields are given in Table XIII.

Wide variations among treatment replicates makes the
lack of significant yield differences questionable.
(Analysis of variance is given in appendix Table H.)
Control of weeds was good on all Cyanamid plots for
three weeks, but was poor to none, due to crabgrass, when
weed counts were taken four weeks after the earlier treat¬
ment date, if numbers alone are considered.

The photo of

these plots, (Illustration 2), taken 41 days after the
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Table XIII
Effect of Cyanamid on Weed Control and Yield of Lettuce
in 1950 field tests.
Weeds/sq.ft.

Treatment

Plot
No. Rate
lbs/A

Surface
or raked

Yield in

Days pre-

Crab-

Broad

grams per

planting

grass

lvd.

Replication

7

31

9

13,790

II

14

49

10

16,625

600

tl

7

29

3

12,125

4

600

II

14

34

8

13,177

5

400

7

51

8

12,758

6

400

it

14

21

6

14,150

7

800

ii

7

32

4

10,263

8

800

it

14

22

3

8,395

9

Unweeded Check

33

18

9,183

0

0

16,148

1

300

surface

2

300

3

10

raked-in

Hand-weeded Check
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earlier treatment, however,

shows that the weeds are con¬

siderably smaller than on the unweeded check plot (on the
right just beyond the Cyanamid plots in the foreground)•
With either timing of treatment, control lasted only
two weeks or less during the time the crop was growing.
This is not enough, for safe mechanical cultivation re¬
quires larger and sturdier plants than any lettuce variety
can produce in two weeks.
Where Cyanamid is further tested for lettuce weeding,
it had best be with a fertilizer program wherein a non¬
nitrogen fertilizer mixture is used,

since the writer

noted that the 5 pounds of fertilizer nitrogen, plus that
added in the Cyanamid,

so effected the growth that there

was no commercially satisfactory heading.

The softness

of leaves was further noted after the first frost, on
October 6, 1950, when the guard-row lettuce remaining in
the field was most severely damaged on the Cyanamid plots,
and especially where heavier rates had been applied.

Beets While the use of salt for weeding beets has been sugg¬
ested by some as having promise (13> 46), it is recog¬
nized quite generally that the salt has undesirable effects
on the soil.

It also makes crop rotations risky, or

entirely impossible,

since so few crops are salt-tolerant.

However, there have been no reports on the use of Cyanamid
on this crop, to the knowledge of this writer.

.
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Again, it becomes necessary to rely on the yields of
one season for evaluation of Cyanamid for weeding beets.
The treatments consisted of 300 and 600 pounds per acre
applied on the surface, and 400 and 800 pounds per acre
raked in to less than 2 inches.

All rates were applied at

intervals of 7 and 14 days before planting.

Control of

weeds was good for 3 to 4 weeks, and was poor to non¬
existent by the time weed counts were taken 4 weeks after
the earliest treatment was made.
(Illustration 1),

A photo of the plots,

shows the extent of weed growth on the

Cyanamid-treated plots, in the foreground, as compared
with the checks just beyond the Cyanamid plots.
The beets were harvested when the leaves were almost
entirely dry of dew, pulled carefully and the tops cut off
at the crown and weighed while the moist dirt on the roots
was drying sufficiently to be shaken off, after which
the roots were also weighed.

Yields are taken as the

sums of these.
In the lighter applications, 300 and 400 lbs., the
later treatments gave significantly better yields,
whereas the earlier application of 800 lbs. was highly
significantly better than the latter.

The lowest yield

was on the untouched check and the highest on the handweeded check, apparently indicating that there was little
or no benefit to the beets where Cyanamid was applied.
The intermediate yield values on treated plots seem to
show that the intermediate weed counts were at least
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Table XIV
Effect of Cyanamid on Weed Control and Yield of Beets
in 1950 field tests
Treatment

Plot
No.

Weeds/sq.ft.

Yield in

Hate

Surface

Days pre-

Crab-

Broad

grams per

lb s/A

or raked

planting

grass

lvd.

Replication

7

39

4

14,203

ti

14

18

6

9,050

600

it

7

32

3

13,438

4

600

ti

14

1

s

11,570

5

400

7

31

5

10,570

6

400

tt

14

16

10

7,253

7

800

it

7

35

3

9,310

8

800

ti

14

3

3

14,263

9

Unweeded Check

27

19

4,163

0

0

15,125

1

300

surface

2

300

3

10

raked-in

Hand- weeded Check
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somewhat responsible for yield differences.
In view of the conflicting results obtained in this
experiment it is necessary to withhold conclusions as
to the value of Cyanamid for weeding beets, but it must
be recognized that these results do not indicate it to
be an economical practice.

The program for the seasons of 1950 and 1951 is to
be found in the appendix, as is the analysis of data.
The crops used in these tests included beans, beets,
lettuce,

spinach and radishes, in 1950; and all but the

radishes in 1951*

.
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Other Considerations in the Use of Cyanamid
Side Effects Lime:
It has been stated by the manufacturer (104)
the relative lime value of Cyanamid is high,
being strongly basic.

that

the material

One ton of Cyanamid is claimed to

equal 1245 pounds of limestone, whereas it takes over
two tons of nitrate of soda or of nitrate of lime to
arrive at the same value.
Besides, Crowther and Richardson (19)

state that,

"Not only is the lime supplied in a very finely divided
form in intimate contact with nitrogen or phosphorus at
the time for greatest need for lime, but in addition, the
lime content of the soil is never increased sufficiently
to allow rapid losses".

Thus,

small frequent dressings

of lime are used much more efficiently than heavier
occasional dressings are.

Fertilizer:
That Cyanamid is also a fertilizer is undoubted,
since such was its initial use in agriculture, advantage
being taken of its content of 20.69 to 22.33^ nitrogen,
in the granular and pulverized forms respectively.

The

decomposition scheme presented above indicates that the
nitrogen is available in the ammonia and nitrate forms,
both of which are said to be assimilated by plants (77)•
It has also been indicated by Lachman (44)

that even where

89.
the Cyanamid treatments did not control weeds, it stimul¬
ated the crop to higher yields*

This stimulation has

been noted in many cases, and often failure to make equal
amounts of nitrogen available to the check plots has
biased yield returns in favor of the Cyanamid treatments.
It must be admitted that the author*s own yield data is
%

so biased.
Where comparisons are made with other herbicides,
it becomes advisable to carry two checks, one with and
one without the added nitrogen equivalent to that on
Cyanamid plots, in order to evaluate the differences due
to fertilizer effect separately from those due to control
of weeds.
It would likewise seem desirable to make lime app¬
lications to neutralize the acidifying effect of some
nitrogen fertilizers, and to equal, in addition that
applied in the Cyanamid form on other plots.

Such compli

cations may explain some of the exclusion of Cyanamid
from comparative trials of herbicides.
The benefit of Cyanamid fertilization is also said
to carry over beyond the season in which applied.
and Scarseth (17)

Cook

report MIt is evident from the field

results that a considerable amount of the nitrogen from
Cyanamid persists in the soil in one form or another and
is available to the following crops”.

.
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Corn protein increase In the use of Cyanamid for weed control in corn,

several investigators have noted the increase of protein
in the corn grain and silage (29, 30).
and Wolf (30)

reported increased protein due to increased

Cyanamid rates in 1950.
(29)

Gould, Briggs

The next year, Gould and Aldrich

presented the data summarized in Table XV.

Each

application rate was applied at three times - at
planting, 4 days later, and 7 days later - hut the
table presents the average of the three for conciseness.
It is readily apparent that the heavier rates of Cyanamid
do induce greater formation of crude protein, an advantage
in addition to those already mentioned with regard to use
in corn.
From this it appears likely that analyses of other
treated crops may show the same trend toward increased
protein.

While possibly not so important in the high

protein vegetables as lima beans and peas, Cyanamid could
conceivably raise such crops as potatoes,

snap oeans, and

spinach to protein values on par with sweet corn.

Any

increase in such low*-protein crops as asparagus, onions,
beets, radishes, and lettuce would also be of considerable
value.

Keeping quality of onions As has been noted, Chappell (15) reports that Cyanamid
has no influence on the keeping quality of onions treated
for weed control.

.
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Germination curve -

It has been noted, with regard to onions, that there
may be some delay in emergence due to treatments*
was noted by Hedlin (34).

This

Crowther and Richardson (19)

also reported that Cyanamid not only reduced germination
in some cases, but modified the whole course of germination,
some treatments allowing it to proceed slowly.

Thus,

some

of the more resistant or tolerant species may emerge later
than they otherwise would.

This may be the case with

crabgrass, counts of which tend to indicate that germin¬
ation is not reduced so much as it may be retarded.

In

many cases, crabgrass even appears to be stimulated to
greater eventual germination.

For this reason,

sub-

lethal applications where crabgrass is abundant may do
more eventual harm than good.

Its use under such circum¬

stances is not recommended.

Methods of Application Plane dusting:
The use of planes for dusting large areas with pul¬
verized Cyanamid is reported in several papers (21, 22, 34).
Hedlin (34)

reported that in 1947, 150 acres was dusted

by plane with satisfactory results from 75 pounds per
acre pre-emergence in onions.
(21, 22)

In two reports. Dearborn

records that rates of 50, 75 and 150 pounds per

acre were applied in the early morning on peas wet with
dew.

The treatment was very successful, the kill being

.
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rapid, and the dusted strips making a comparatively excel¬
lent crop.
This method has considerable merit, but is usually
not economical for any but the large grower.

It seems

that increased demand for such dusting should event¬
ually lead to more available service and lowered costs.
Power dusting:
Dearborn (22) reports the use of a self-propelled
power duster in 194-8 for application of 75 pounds per
acre of pulverized Gyanamid.

The treatment reduced mustard

from 5.5 tons to 2.6 tons per acre.

This type of equip¬

ment is often available to vegetable farmers with or in
the vicinity of orchards.

Medium-to large-scale growers

would probably find this type of applicator more econom¬
ical than those used to apply granular Cyanamid,

since

many trips across the field can be saved, and much lighter
applications of the dust are required where properly
timed and applied.
Other applicators:
Granular Gyanamid is free-flowing and can be applied
with any of a number of types of distributors available
on farms.

Hahn (33)

lists lime and fertilizer spreaders,

grain drills with spouts removed, and simple, gravity feed
Cyanamid spreaders.
lawn seeder.

In addition, one might even use a

Where the equipment is not normally fitted

with a splash board, one should be attached to insure
uniform distribution of the granules.
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These methods and applicators are generally better
suited for the small-to-medium-scale farmer*

However,

they may even be useful to the large-scale grower, if the
extra nitrogen in the larger dosages of granular Cyanamid
%

seem to increase yields sufficiently to pay for the more
expensive rates and methods*
Then, too,

such distributors are at a distinct dis¬

advantage in post-emergence applications, due to the danger
of wheel damage, but are nevertheless more adaptable to
farm size and terrain differences than are planes*

Weather Factors -Weather factors, while separate and distinct from soil
factors discussed earlier, are nevertheless very influent¬
ial and indicative of soil factors*

While a good farmer

can determine a lot from the feel and the looks of a
handful of soil,

still he looks to the weather, present

and predicted, to tell him what changes to expect in the
condition of that soil.
in

Weather factors are important

other determinations, as well.
The most important of the weather factors is prec¬

ipitation.

As has been mentioned, most workers who have

made any mention of moisture, have done so through measure¬
ments or observations of rainfall.

It has been noted that

a lack of rainfall may cause Cyanamid granules to persist
for months on the surface (83)*

It has also been said

in passing that some treatments have failed because heavy
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rains have fallen soon after application.
In 1950, the writer observed that several uphill
plots at the end of the field were invaded by weeds.
Since the soil had washed considerably in a heavy rain¬
storm, apparently some new soil with weed seeds had
washed onto the treated area, where the Oyanamid had either
leached, washed, or hydrolyzed so as to be non-toxic, or
the washed seeds had imbibed sufficient water to dilute
to sub-lethal concentrations what little additional was
taken in of the dissolved Oyanamid in the soil solution.
Very likely, all of the Oyanamid was not leached or washed
away,

judging by the luxuriant growth the invading weeds

made in the short time before being removed.

According

to Sweet (90) dry weather allows crops to start first,
while wet weather favors the weeds, especially if the
weather is cool.
Temperature is probably next in importance in the
use of Oyanamid in weed control.

Soil temperature is,

of course, dependent to a great extent on air temperature
and movement.

There is, however, little to indicate that

in itself air temperature has much influence on the succ¬
essful use of Oyanamid.

Its importance lies in the indirect

effects of soil temperature, and of humidity directly
above the soil surface, which in turn influences soil atmos¬
phere, humidity and temperature and evaporation.
Sunlight is also important for its indirect effects,
since it influences air and soil temperatures and humidity

.
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or moisture•

Its most important effect is noted after

the crop or weeds have grown sufficient foliage to shade
out the other.

If the weed control measures permit the

crop to gain sufficient headway, then the shading by
the crop can be especially important in the elimination
of close weeding.
While wind is also indirectly important in its effect
on soil temperature and evaporation, its direct effects
are of more consequence.

The more obvious difficulty

due to wind is encountered during dusting.

The quietest

part of the day is usually very early in the morning, when
there is also the advantage that plants are likely to be
wet with dew.

Under these conditions the weeds will catch

and hold more of the dust, as has been noted in connection
with the weeding of canning peas.
Where the weed control treatment is made in the fall,
wind is important in that it may bring in new weed seeds
during the winter.

This is probably of negligible import¬

ance in spring or summer treatments, since few seeds
would be blown in during such a short time as would then
elapse between the presence of the toxic herbicide and
cultivation or shading by the crop foliage.

Cultivation According to Merkle and Irwin (54) and others, the
chief function of intertillage is to kill weeds.

This

may have been true as far as could be determined before

.
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chemical herbicides were widely available, but it has
been noted since that cultivation has value beyond that
so-called "chief function".
Swanson and Jacobson (86, 87, 88), in a series of

reports, have concluded that the usefulness of cultivat¬
ion varies with weather conditions and soil types.

They

noted that plants on cultivated plots were larger, greener,
and more vigorous than those where flame or chemical weed
control were employed.
However, Liden (50)

They did not use Cyanamid.
did use Cyanamid, and in a number

of combinations with cultivation.

It is evident from his

data, presented in Table IV, that the difference between
■

profit and loss can lie in the difference between cultiv¬
ation and non-cultivation.

His best treatments were those

in which Cyanamid and the normal cultivation program
were combined.

At the same time, none of his Cyanamid-

treated plots wherein one or more cultivations were
omitted returned as much as did plots which were cultivated
but not treated.

Some other workers, however, have re¬

ported that one or two cultivations can be omitted without
loss.
For example, Norton, etal (64)

state that with a

good pre-emergence treatment giving good control "results
indicate the feasibility of elimination of the costly
and time-consuming first cultivation of corn and the
possibility that only the third or so-called lay-by
cultivation may be necessary".

They made special reference

.
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to contour culture wherein there is considerable damage to
young seedlings resulting from the sliding of tractors
and cultivators.
They do admit the need of at least one cultivation,
as does Veatch (94) who writes,

“cultivation has generally

proven beneficial in combination with chemical weed control
even though it may not be necessary for weed control”.
Where Cyanamid is used pre-emergence, cultivation
is necessitated by later weeds, excepting where Cyanamid
or some other material may be safely applied post-emergence.
As has been shown, asparagus and peas are the only crops
for which there are now standard post-emergence treat¬
ments.

Onions may be treated with potassium cyanate after

weed control by the pre-emergence treatment is no longer
effective, and 2, 4-D is standard post-emergence material
for use on corn.

Other crops for which Cyanamid can be

used pre-emergence require cultivation after the control
has worn off.
>

Duration of Control ——
Some workers are apparently of the opinion that
control should last all season.

Sweet (90) has noted

this and that many failures are due to high dosages out
of dissatisfaction with temporary control.

It appears

from a review of the literature that control from reas¬
onable rates of Cyanamid can be expected to last for a
period of from 3 to 5 weeks, after which Cyanamid generally

.
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stimulates all plants indiscriminately.

This is generally

recognized.
Leef (49), however, counted his weeds one week after
the crop emerged and found nearly 100 percent control from
200 and 600 pounds per acre, and then commented that plots
were nearly full of weeds at harvest time.

They were

probably quite large weeds and interfered considerably
with the harvesting of his peas.
Taylor (91)

did not count his weeds so soon, but

called the control of weeds "not significant at 5%"
since it was only 33 percent control after 8 weeks.

To

control weeds that well after so long a period with only
100 pounds of Cyanamid per acre is considered to be
highly significant,

since even the heaviest rates the

author has used have not controlled weeds so well as that.
In one report, Lachman (42) has written that "Cyanamid at
the rate of 750 pounds .per acre kept the land free of
weeds for approximately 4 weeks".
How long should weed control last?

Lachman (4.5)
»

has stated that chemical weed control may be considered
adequate in corn if weeds are controlled until the crop
is six inches tall.

The writer has recorded his own

opinion above to the effect that weed control from pre¬
emergence applications should serve to eliminate the diff¬
icult and destructive early weeding and cultivation by
retarding weed growth until the crop plants are able to
tolerate post-emergence herbicides or rather rapid

.
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mechanical cultivation*

Correlation of Results The author’s attempt to find correlations in results
was balked by a lack of standard reporting.

While a dis¬

cussion of this matter may seem extraneous to this report,
it is here recorded as a lesson gained from this research.
Few reports give sufficient data for either an acc¬
urate assessment or an easy comparison of results.

Most

reports note only counts of weeds, whereas, In addition
to reducing the number of weeds, an herbicide should also
reduce the size of weeds, cither by stunting or by delay¬
ing germination.

The proper evaluation of an herbicide

should include consideration of both the amount and kind
of control.
The following are some of the means of communicat¬
ing amount of weed control:

Jacob and Scudder (36) use

a 0 to 10 system, in which 0 equals no control.

Muller

and Odland (59) use a more coarse rating of 0 to 5, and
have also included a percentage rating for grasses.
and Odland (62) have another variation of 1 to 10.

Noll
This

is apparently based on relative coverage of ground, since
their untreated check was rated 8.5.

It is not always

clearly indicated whether such a basis is used, or whether
the rating is in relation to the check.

In his use of

the 1 to 10 rating for size of weeds, Lachman usually
uses the check as the number 10 basis.
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And even where actual numbers of weeds are recorded,
there is still considerable confusion.
Taylor (91)
barrel hoop.

For example,

counted the weeds within a 25-inch diameter
This, incidentally, is just slightly over

3.4 square feet.

Liden (50) has given his counts of weeds

within an area of 6 square feet.

Lachman used the square

foot as a unit area in his counts.
extreme, Hedlin (34)

And, at the bottom

states the number of weeds within a

half square foot.
There is a definite need for standardization of such
data presentations as this.

Science could not have

come to its present place in our lives without standard¬
ized measurements.

They are at least as vital to plant

scientists as are the Latin names we so often include in
reports to avoid misunderstanding.
In addition to a single unit of measurement for weed
counts, evaluation of weedicides demands the recognition
of other effects of the chemicals.

With regard to the

effects of Cyanamid, Baylor and G-ould (8) have stated,
"Even where actual control appeared somewhat low, weeds on
treated plots were generally small,
vigorous”.
tell.

spindly and non-

That is fine, but how small?

Few reports

Lachman has recognized the importance of this factor

and has assigned weed size ratings, in addition to his
weed counts.

His basis is a comparison with weeds on

the unweeded check plots.
Fundamentally, it is a sound system.

However, it does

.
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necessitate care in the timing of weed counts.

This has

been mentioned above in connection with duration of
control.
It seems to the writer that,

since weed seed inoculum

varies so tremendously from one testing ground to another,
and since sowing of weed seeds is so generally unsatis¬
factory and questionable, it would be best to present
weed numbers as a percentage of an unweeded check plot.
This would eliminate discrepancies in areas, ratings and
other peculiarities now encountered.
ant,

Where deemed import¬

it could be done species by species.
In rating for size of weeds, the 1 to 10 system

appears to be satisfactory*,

since it is practically

impossible to Judge closer than that, especially in early
counts.

In such a system it should be understood that

the number 10 is the size of weeds on the unweeded check
plot, and that an assigned number is the nearest estimate
of average size with relation to those rated as 10.
allows finer judgement than a 1 to 5 rating.

This

And, at

the same time, it appears unnecessary to rate down to 0,
since this denotes the absence of weeds, a fact that
should be indicated by a 0 percentage for weed count.
Since the rating system outlined above involves the
presentation of two numbers for each treatment, it is

*Prof. W. H. Lachman suggests a 1 to 9 system, with 9 being
the most desirable.
This is based on the fact that such a
system has a good average figure, 5.
In itself this would
be good, but in the overall system developed here the 1 to
10 system lends itself better to percentage figures.
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suggested that they might he combined for conciseness.
The following is proposed as a possible simplification:
the percentage control might be divided by 10 and multipl¬
ied by the weed size rating.

This would give a rating

number below 100 which could be subtracted from 100 to
give a performance percentage, provided the timing of
ratings was also standard.
An example of such a rating would be as follows:
If the unweeded plot has 94 weeds of an average height of
6 inches in a given area, and the treated plot has 43
weeds of an average height of 4.1 inches in the same
area, then the rating would be:
Weed count percentage = 46^, divided by 10 s 4.6.
Weed size rating s 7, multiplied by 4.6 =
32.2, subtracted from 100 r 67.8
Thus, 67*8 would be the performance percentage, a
type of rating familiar to everyone who has gone to
school.
Whether this or some other system of rating is accept¬
ed, a standard is necessary.

Until one is set, the value

of weed counts, the value of weed ratings, the value of
statistical significance - all are nil, insofar as
comparison with other results is concerned.
And while a standard for rating and analysis is
being set,

it might also be well to consider what Is

essential to a complete report on weed control findings.
The objection that there is insufficient space permitted
in reports may be met by pointing out such reports as
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that of Briggs and Wolf (11)

in which a semi-outline

presentation is used - dates of planting, treatment,
etc., soil analysis, fertilizer amount and analysis,
temperature, rainfall, etc. being presented in outline
or tabular form, followed by discussion and conclusions.
Less space and time are required to present and read
this means of presenting the information.

It is clearer

than the wordy and jumbled handling too often found in
reports.

As an example the author's own procedure,

methods and materials are presented in just such an
outline form in the Appendix.
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Summary and Conclusions:
The bases for the uses of Cyanamid in weed control
are necessarily twofold,

since Cyanamid is employed both

as a contact herbicide and as a residual soil treatment.
The author believes that the post-emergence or foliar
applications of Cyanamid act similarly to frost, and that
those plants, weeds or crops, which are more resistant
to frost injury as a result of their ability to bind
water and keep it from separating into crystals, will be
more resistant to dehydration by Cyanamid.
The writer also believes that the pre-emergence
action of Cyanamid, that on the seed, and the action
through the soil to the roots which results in uptake of
toxic products, are differential as a result of the
selective uptake of ions by roots.

The latter, in turn,

apparently results from different inherent cation exchange
capacities, which appear to have some relation to whether
the plant is a monocot or dicot.
Further, those plants with high cation exchange
capacities take up more of the toxic anion, CNgl1 and are
thus more readily killed with Cyanamid, unless they have
also an inherent tolerance of the poisonous ion.
Other factors seen to be of importance in pre-emergence
treatments are discussed.

It is shown that heavier soils

often permit heavier applications, while lighter soils
may require less Cyanamid for good weed control.

Soil

catalysts seem to be present sufficiently in all agri—

.
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cultural soils and need be of no concern*

Soil reaction

may be regarded as a more or less controlled soil catalyst,
acid soils tending to decompose Cyanamid somewhat more
rapidly*

Soil moisture is of great importance, too high

a level having an apparent retarding effect on decomposit¬
ion, moderate moisture giving the best results in weed
control*

Soil temperature influences speed of decomposit¬

ion, as well as of weed seed germination, both proceeding
more rapidly as temperature rises*

Soil organisms are

Important only after the Cyanamid has hydrolyzed to the
urea stage, and is thus of no consequence in weed control.
Soil aeration is probably more effective with regard to
plant growth than to the decompostiion or toxicity of
Cyanamid*
Among other things, it has recently been noted that
Cyanamid seems to increase the fixation of phosphorus in
the soil,

thus requiring the addition of more superphosphate

than would otherwise be used.

Cultivation is shown to be

beneficial even when chemical control is good.

Such side

effects as liming and fertilizing were discussed, along
with weather factors and methods of application*

Standard treatments ——
The standard treatments for post-emergence applic¬
ations of Cyanamid in asparagus and peas are possible as
a result of the abilities of these crops to tolerate or
to exclude or escape toxic amounts of the Cyanamid.
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Asparagus apparently escapes intake of much of the
herbicide and tolerates what is taken in,

since amounts

as high as 800 pounds are harmless enough to be recomm¬
ended.

This is the maximum advisable dosage for any one

season, however, and two applications of 400 pounds each
might prove more satisfactory for weed control on a season
basis.

Application should be made when the crop is dry.

In peas the post-emergence application of 75 pounds
per acre of Cyanamid dust has given very good results.
Plane or power-duster applicators are the most satis¬
factory for use in this case, since the former does no
damage to peas and the latter need not, if roadways are
provided close enough together to allow some overlapping
of dusting from either side of a strip.

Application

should bo made when all plants are wet with dew or rain,
and when no rain is expected for a day or more.
No other crops seem to offer sufficient safe poss¬
ibilities to warrant consideration for standard post¬
emergence weeding with Cyanamid.

However, corn is one

on which there should be more experimentation.

Liden (50)

and the writer have both applied Cyanamid to corn post¬
emergence without injury.

The rate of 400 pounds per

acre is suggested as a starting point.

There may also

be some possibilities in the Grigsby method of application,
which is 75 pounds per acre in a water solution with a
wetting agent.

.
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Standard pre—emergence treatments are based on the
ability of the crop to tolerate or to escape uptake of
amounts of the herbicide which remain within the root
zone when the crop roots have grown sufficiently to be
taking up soil solution.

As has been pointed out,

seeds

are even susceptible to Cyanamid toxicity if the chemical
is in the imbibed solution.

For this reason susceptible

and shallow-planted crops must be treated by the pre¬
planting technique, in order that toxicity be disipated
before the seed or seedling is present.

There are no

standard treatments for such crops at present.
Peas have large seeds and thus sufficient recovery
resources, appear to tolerate Cyanamid toxicity and are
successfully treated pre-emergence with Cyanamid for weed
control.

Rates between 250 and 350 pounds per acre

appear to be most satisfactory, although particularly
difficult weeding may require more.

Successful weeding

has been reported with amounts up to 550 pounds (10),
but this much is not usually required.

For best results

without injury treatment should be made before the weeds
are over an inch tall, and normally within a week after
planting.

While successfully weeded with Cyanamid,

onions must be treated with care.

Most consistent successes

have been obtained from treatments made shortly after
planting the sets.

Rates should not exceed 400 pounds,

and should be at the minimum that can be expected to
control weeds until the onions can be treated with

.
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potassium cyanate for post-emergence control.

This is

when the tops have been above ground for 3 weeks.

For

trial, it is suggested that 75 to 100 pounds of freshly
dissolved Cyanamid dust be sprayed on with a wetting agent
as soon after planting as weeds appear, but not later
than two days before emergence.
■While pre-emergence treatments on corn are not yet?
standard, it appears that corn can tolerate considerable
amounts of Cyanamid.

In fact, in one report (23)> corn

showed excellent growth response 4 weeks after treatment
with 2000 and 3000 pounds per acre of Cyanamid, rates
considerably above those needed for consistently good
weed control.

In general there appears to be no advantage

to rates over 400 pounds per acre, but some particularly
weedy areas may require more.
be quite safe to apply more.

In such a case, it should
The best response seems

to be obtained from applications made about a week after
planting, but treatment should be made before weeds are
an inch tall for best weed control.

It can be expected

that the first normal cultivation can be omitted, but
yields are better if the remainder of the cultivation
schedule is followed as usual.

The yield increase due to

Cyanamid should make the treatment worthwhile, even if
weed control is not completely satisfactory.

Experimental uses In spinach the use of Cyanamid is still logically

.

110
only experimental.

While yields have been increased by

the 400-pound rate, there have been too few trials to make
this a standard treatment.

The best timing seems to be

between 4 and 7 days before planting, although even earlier
applications have stimulated spinach to higher yields.
One of the more important difficulties with this treat¬
ment is that the soil may cake and crust before planting,
making the use of a seed drill difficult.

The increased

yield in spinach may make the treatment with Cyanamid
worthwhile, even without successful control of weeds,
but good weed control is very desirable in this crop.
In beans rates of Cyanamid up to 800 pounds per acre
have been tried without injury.

Probably the best treat¬

ment would be 400 pounds at about a week after planting
in limas and sooner for more quickly-germinating types of
beans.

Heavier applications may be made earlier where

particularly weedy areas seem to require.

More work is

needed to supplement the favorable trials already reported.
In potatoes there has been little work done, but the
use of Cyanamid for weed control appears to have promise.
Rates up to 1200 pounds have been used without apparent
injury and with increased yields.

While rates above

400 pounds would probably not generally be required,
up to 800 pounds give sufficient yield increases to appear
worthwhile.

There is a large safety margin, no injury

having occurred from treatments of 1200 pounds made only
two days before emergence, but application should be made

.

111
before weeds are over an inch tall for best control#

Trials by the writer in radishes, lettuce, and beets,
tend to indicate that the use of Cyanamid may be undesir¬
able or uneconomical in these crops#
In radishes, for instance, there was no increase in
yield due to Cyanamid treatments#

Hates for consistently

successful weeding of radishes would therefore tend to
be too expensive for the benefit derived#
In lettuce the added nitrogen tended to cause loose
heading, a disadvantage that might be overcome by eliminat¬
ing the nitrogen from other fertilizer sources#

This

needs more study#
More study is also needed on the possible elimination
of other nitrogen sources where beets are treated with
Cyanamid.

Wiile it is not definitely established that the

added nitrogen is responsible for the lower yields of
beets,

still the ratio of shoots to roots is generally

greater where Cyanamid is applied#

Although Cyanamid use

in beets does not appear particularly promising, it should
be further explored.
In general, it may be concluded, the post-emergence
application of 75 pounds per acre of Cyanamid dust makes
a satisfactory treatment in peas; and 400 pounds per acre
of the granular Cyanamid is a satisfactory rate for
post-emergence weeding of asparagus and pre-emergence
weeding of peas and onions, with promise for corn,
beans and potatoes.

spinach,

*
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Some crops can be expected to yield enough more to
make somewhat higher and more reliably herbicidal rates
worthwhile•

Timing of applications of Cyanamid should be accord¬
ing to crop tolerances, but can be expected to give the
best results if weeds are less than an inch tall when the
treatment is made.
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Appendix
I

Author*s programs for 1950
A*

season.

Asparagus Seed Bed Treatment.

Date

Treatment

3 May

Plowed

Method

8“ deep with moldboard
plow.

5 May

Harrowed

12 May

Fertilized

2000 lbs. per acre of
5-10-10.

12 May

Harrowed

Disc harrow set fine,
plank drag.

12 May

Marked plots

5 rows, 3'

apart,
long per replic.

12 May

Planted seeds

2" apart, i" deep.
Calif 500

10*

seed.

23 May

Applied Cyan.

first weed emergence.
100, 200, 400 lbs./A,
4 replica, each.

31 May

Applied Cyan.

weeds in cotyledon stage
100, 200, 400 lbs./A,
4 replica, each.

2 June

Counted weeds

1 sq. ft. each replic.
4

samples.

20 June

Took stand count Plants in 9 ft.
each replic.

1 July

Took plant
yields

B.

of row

Plants dug up, counted,
weighed, measured.
3*
of each of 3 rows in
center of replic.

Late Asparagus Seed Bed. Treatment.

Date

Treatment

9 June

Harrowed land

10 June

Planted seeds

13 June

Applied Cyan.

Method
fallow since 3 May.

600 & 800 lbs. on 3
replic•

.
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First emergence

27 June
6 July

Counted weeds

1 sa. ft. per replic in
4 spots

6 July

Took plant
counts

Plants per 9 ’ of row per
replic

Took plant
yields

Plants dug up, counted,
weighed, measured.

18 Aug.
7

c.

Small--seeded Vegetable Weed Control
Method

Date

Treatment

14 June

Fitted land

Plowed and harrowed
smooth

16 June

Marked plots

4 rows 10 ’ long per replic

19 June

Applied Cyan.

14-day pre-plant. 300 and
600 lbs. surface, 400 and
800 lbs./A raked-in.

26 June

Applied Cyan.

7-day pre-plant, rates
as above.

3 July

Cultivated

Non-treated plots only

8 July

Emergence noted

Beets, lettuce,
emerged.

spinach

10 July

Weeded plot 10

11 July

Noted good con¬
trolling of weeds
by Cyan, treat¬
ments

17 July

Heavy rain

18 July

Weeded plot 10

21 July

Counted weeds

24 July

Weeded plot 10

28 July

Pulled radishes

Yield from 4 ft. of row
per replic.

Cultivated

All beans and spinach with
garden tractor cultivator.

1 Aug.

1 3/4" 3 hrs. washed
soil considerably

1 sq. ft. per replic. in
4 spots

.
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Cultivated

All beet plots with wheel
hoe.

Harvested
spinach

All plants 2 middle rows
cut at ground level,
weighed in field

Cultivated

All lettuce plots with
wheel hoe.

24 Aug.

Picked beans

First picking, all
marketable.

24 Aug.

Beetle eggs
noted

Mex. Bean beetle egg masses,
no larval

30 Aug.

Picked beans

Stripped plants

30 Aug.

Beetle larvae
noted

No injury to beans picked.

1 Sept.

Harvested
lettuce

Cut at ground level, weighed
from 4 ft. of row.

26-27 Sept.

Harvested
beets

Pulled 4 feet of row, cut
off tops to weigh while
roots dried, then weighed
roots.

2 Aug.

7-8 Aug.

8 Aug.

II

The Author 's program for 1951 season
A.

Bean Plot Treatments
Method

Date

Treatment

16 May

Plowed

16M green rye plowed in to
8”

21 May

Harrowed

1800 lbs. 5-10-10 harrowed
in.

Harrowed

Acme and Meeker harrowed
fine

J June
$

7 June

Planted beans

7 June

Cultivated check

7 June

Made treatments

12 June

Beans emerged

18 June

Beans in 1st true
leaf stage

400 and 800 lbs./A applied
on 4 plots each replic
4 times

126
22 June

Recorded plot
observations

25 June

Applied roterone

28 June

Cultivated check

18 July

Left for hospital

B.

Mex. Bean Beetle infestation

Beet, Lettuce, and Spinach Plot Treatments
Method

Date

Treatment

16 May

Plowed

16” green rye to 8” deep,

21 May

Harrowed

1800 lbs. 5-10-10
harrowed-in

1 June

Harrowed

Acme and Meeker harrowed
fine

6 June

Applied Cyan.

250, 500, 1000 lbs. on 4
plots

11 June

Applied Cyan.

250, 500, 1000 lbs. on 4
plots

13 June

Rain

14 June

Rain

15 June

Rain

16 June

Rain

18 June

Planted all
plots

22 June

Crops emerging
and observations
recorded.

27 June

Counted weeds

28 June

Cultivated checks

6 July

Cultivated Cyan
plots 2, 4, and 6

8 July

Cultivated Cyan
plot 10

18 July

Left for hospital

1 sq. ft. per replic.

127.

APPENDIX TABLES:
Results of Asparagus Seed Bed Weed Control Tests.
Table A
Early season treatment with G-ranular Cyanamid-effect on crop.
Time of
Application

Plot I Pounds
per acre
No.

5
6
10

6.6
4.5
4.0
7.6“
5.2
5.6
7.5

emergence of weeds

100
200
400
100
200
400

2

Plants per yard
Grams
Number

«

h

weeds cotyledon stage
t»
h
«
tt
»«
**

check

9.1
14.1
55.1
24.2 ~
13.7
13.0
18.0

Table B
Early season treatment with Granular Cyanamid-effect on weeds.
Plot
No.
T”
2

5
6
10

Crab-” Chick- Pig¬
weed
grass weed
21.50
18.25
2.75
15.00
17.00
27.75
25.75

25.25”
12.75
10.50
15.25
19.50
30.25
20.75

14.50"
9.00
1.25
10.50 '
18.00
11.00
16.00

Smart- NutLambsgrass
quarters weed
2.50
1.25
0.50
2.25
1.75
5.50
2.75

2.50
0.50
0.25
1.25
0.25
0.50
0.50

1.75
1.00
1.25
0.50
1.00
2.50
5*75

Total

68.00
42.75
1.6.50
| 44.75
57.50
77.50
71.50

1

Table C
Late season treatment with Granular Cyanamid.
[Plot
No.

1
2
3

Treatment

check
600 lbs
800 lbs

Weeds per sauare foot
Total
Chick- Pig- PursGrass
weed lane
weed

16
0
0

4
0
0

4
0
0

1
0
0

25
0
0

Crop Plants
Wt.
No.

63
41
28

51
72
42
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Results of Small-seeded. Vegetable Weed Control Tests.
Table D
Pre-planting Granular Cyanamid Treatments made in 1950
Plot
No •

Treatment
Surface or raised"*
surface

Pounds oer acre

1

300

2
3
4

300
600
600
-400
400
800
800
Unweeded check
Hand-weeded check

6
7
8

9
10

Days ore-planting
14
7
14
7
14
1
rr
7
_14

tt
ti
ti

raked-in
H
It
tl

--—

Table E
Bean Yields (grams per 4 ft. of row)

and Analysis of Variance

Table F
Beet Yields (grams per 4 ft. of row)

Variation
due to
Replle•

Degrees
Freedom

3

Sum of
Squares

, , '

1 231 775
31,565,869
127,497,360

and Analysis of Variance

Square
410,593"
3,507,316
4.722.124

4255.

3149

Table GRadish Yields (grams per 4 ft, row) and Analysis of Variance
1

1 TT

5

I

Weight

1 893 1 756 1 759 1 666 | 912 |81b 1 832 | 813 1 582 [

Variation Degrees
freedom
Due to
Replic.
Treat.

3
9
27
59__ 1

Total

1

4

i

5

Sum of
Squares
137
316
555
010

946
724
724
394

1^1

^

1— ^■

pTnt. No ^

1^1^

T.STJ

Mean
Square
45 982
35 191
20 582

779

5%

1%
2.23
1.71

211.0

285.3

Table H
Lettuce Yields (grams per 4 ft. row)
(Plot No.
Iw<a1 crht

f

16
I 7 1 8 1 9 1 10~l
1
12
13
1 4 "T 5
1379 1 1662 I 1212 11518 1 1276 Il4l5IIO26 8391 9lS 11615I

Variation
due to

Degrees
freedom

Sum of
Squares

Replic.
Treat.
Error

5

5,913,369
44,453,169
153.188.521
203•554.Obi

Tot.a.l

and Analysis of Variance

9

27
■59

Mean
Square

1,970,790

4,939,241
5.673,649

F

LS2

.

.35
.87

1%

5%

2951

2184

Table I
Spinach Yields (grams per 4 ft. row)
Plot No.
Weight
Variation
due to
Replic.
Treat.
Error Total_

and Analysis of Variance

| 7 1 8
3 14 15
11
2
1
1126 Too 12841 8961112611752110781 752
Degrees
freedom

5
9

27

Sum of
Squares

Mean
Square

2,840,706
4,157,247
4.268.158

946,902
461,916
158.080

59_ li:266!lll ~

1 f
1 245
F

1 icy
1 405 J
LSD

1%
5.98
2.92

5%

778.4 576.1
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